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vi PREFACE, 


The tables of the strength of materials at the end of the volume 
give, as regards iron and stone, average and extreme results only. 
Detailed information as to the strength of different kinds of stone 
and iron is given in the course of tho toxt, under the proper 
headings. 

I have, throughout the book, adhered to a systematic arrange- 
ment as far as was practicable, and have only departed from it in a 
few instances, when it became necessary to introduce questions that 
had arisen, or facts that had becn ascertained, after the completion 
of the part of the work to which they properly belonged. In 
drawing up the table of contents and the alphabetical index care 
has been taken to show where such detached pieces of information 


are to be found. 
Wz. SMR 
Gtascow Cottzor, Gtk January, 1862, 


ADVERTISEMENT TO THE EIGHTH EDITION. 


This Eighth Edition contains some alterations and additions 
rendered necessary by the progress of Civil Engineering since 
the Seventh Edition was printed. For various corrections, I am 
indebted to Mr. Cartes Puttar Hose, C.E. 





W. J. M. RB. 


Gtascow University, December, 1871 
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specimen IV, > 
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weta, . 2 2 > (100,004 
. 69,456 
Weight of a enbie foot of pull stecl, 485° The; of steels iron, 485° The 
(Seo the Engineer of 84 Sunuary, 1862.) 


Ta Article S57. p. S09. Revength of Cold-retied Trom—The following reenite 
serre obtained in 1881, through some experiments by Mr. Fairbaim on the tenacity of 
Hunn. (See Manchester Tranactiony, 10th December, 1861.) mast 

sie 


Depe Sane Inch, _Extennon, 
Blacktar, . . . . 
Same bac ' fron, turned, 
‘Same bar irco, cobd-rol 
Gold-rolled pi 
To Article 357, p. 609.—Mesn results of experiments by M. Tresen; am hare ent out 
of cast sivel boider plates; — 


Tenacity, tea LamitotElaticty, Modulos of 
Hastielty, thee on 
square inch, the Seat laah, 


28; 300,000, 
mit of elatticity” gives the tension ep to which the elongation 
‘waa sensibly proportional to the load. “The results marked (¥) mre doabttal, becanse of 
Hacnpencin emcaget the expesients of which they ae the thea 
the i Seissonghe bos kal stot geacrally, see Je, David Ritkalay’s work 
on that subject, (Glasgow, 

To Article 430, Div. v ai 639; Article 431, p. G41; Article 433, p. G15; and 
Article 434, p. G19.—In sano lacomotrve engines the load on each uf wing wheels 
"Bigs fr arasiag, Reavy toads u i do with 

amin Rea’ steep inclinations arm sometimes mado with ten 
Peete meal hast & oe 64 Satta arcs sod alee! toasts setae 
feiving wbesis. ‘The lewer aria ta (eintod, no a8 to cusble ito pass scaly swum 
sare: a ths Ewa xts of axles are Cemetmes coupled by an ineuious ersten of Tink 
ged sometimes driven by two independent pairs of cylinders. | Where thew 
of the gradients 1 for any of the before-:entioned contrivances, 
ee {according to Sir. Fall's ufrenticn) ace amisted by a axt of borisoatal 
‘sheols of the saine diameter, driven wt the same epeed, and mado, ‘by means of springh, 
i lind a high central rail with the tightness required to predace the mecestare 


errs p. 73. Breakwaters—As to the construction of a breakwater 
by meses of wessen ge Ed with reagh atone, end reting on x rubble bas. sem 
fine Uy Me. Mickaet Seste in whe Proceedings of the Instioe of Cit Begiacera 





2 ENGINEERING GEODESY. 


represented by tho surface of the: on which the section is drawn. 
A certain silent line on Sees called the *datum-line,” 
its w fixed horizontal surface at any convenient height above 
or depth below some fixed and known point, called the *datwm- 
point.” Lines yarallel to the datum-line represent in miniature, 
distances measured horizontally along the line or track on the 
earth's surface to which ha ieiciied relates. Lines perpendicular 
to the datum-line represent in miniatare, heights above or depths 
below the dstam horizontal surface. The natural surface of the 
ground, and the proposed work, are represented by lines, straight, 
curved, or angular, which at cach point are at the proper vertical 
distance from the datum-tine. 

In the same section the scale for horizontal distances and the 
scale for heights may be different, if convenience requires it, as will 
afterwards be more fully explained. 

3, A Morizontal Surface is 3 surfxce which is everywhere perpen- 
dicular to the direction of tho force of gravity; such as the surface 
ofa a of still water. Its true figure is very nearly that of a 


Fora horizontal surface at the mean level of the sea, the 
[oo of that spheroid are as follows, according to reeent 
calculations :— 


Polar axis,.... 


Difference, or polar flattening, 


‘The portions of the earth's sarface represented by plans for 
cogincering purposes are usually 20 small compared with the whole 
earth, that a horizontal surface may, in most cases, be treated as if 
it were plane, without any error of practical importance. In 
plans, a fiat piece of paper, and in Re rtisil soci straight line, 

ta horizontal surface with as much accuracy as is practi- 
In many cases in which i ecessary to take the earth's 
curvature into account, the ellipticity or polar flattening may he 
nm |, and the figure of a horizontal surface may be treated as 
if it were a sphere of the same mean sonatas the spheroid 


41,778,000 feet = 13,926,000 ae 


4. Measnres of Length —The ‘standard 
lished by law in Britain is the yard, being the distance, at the 
temperature of 62° of Fabreuheit’s thermometer, and under” the 
* According to Captais Clarke, in the Memoirs of the Royal Astronomical Sockets, 
Vol. XXIX., the greatest aed least equatorial pik fs reveal 41, ere C 
and AS B5t feet; and the Iongitude of the greatest axis is about 1 
Greenwich, ' The polar axis as Sic J. ¥. W. Tisai han plated ont, fs slant 
exactly 509,600,000 laches, 





4 EXGINEERING GEODESY. 


The Kilometre of 1,000 mitrs, or 32803992 British foet, is 
0-621383 of a statute mile. 

For further information of the same kind, see the Comparative 

‘Tablo of French and British Measures at the end of the vol 

5. The Measares of Area uscd in British civil engineering aro— 

‘The Square tuck. 

The Square Poot of 144 square inches 

The Square Yard of 9 eqnure fect. 

‘The acre of 10 square chains, or 100,000 aguare links, or 4.540 
square yerds, subdivided either decimalls, or into 4 voods of 
1,210 square yards, and 160 peroker of SUL square yarde : 

The Square Mile of G40 acres, or 3,097,600 square yards, or 
27,878,400 square feet. 

‘he Trish acre, subdivided into 4 roods and 160 perches, and the 

Seottish acre, subdivided into 4 roods and 160 falls, bear to the 
imperial nore proportions which are the squares of the 

tions borne byt the Irish and Scottish miles respectively to the 

statute milo; that is to sy, 


2196: 121; 


16198: 12612 


6. The Measures of Votnme used in British civil engineering are— 

The Cabio Emeb. 

The Cubic Boot of 1,728 cubic inches. 

‘The Cudte Yara of 27 cubic feet. 

Tn the engineering of water-works, tho Gatton is used in stating 
quantities of water. Its statutory value is 


277-874 cubic inches, or 0:16046 cubic foot ; 


but it is convenient in calculation, and in general sufficiently accu- 
tate for purpozes of water supply, to use the approximate values, 


16 enbie foot, nearly ; and 
64 gallons, nearly. 


Other measures of volume are employed for certain kinds of 
Seen pent work; but these will be explained further on. 

7. Mentes for Plane,—The scale on w th a plan is drawn means: 
the proportion which distances, as represented on the plan, bear to 
the corresponding distances on the “ground Amongst continental 

nations it is customary that proportion by 
means of a fraction, such as 1-10, oTOth, 'n Britain, i is customary 
to refer to two units of Jength, a short unit for the pwper, and & 








(G.) 400 feet to an fede. 


(62) 6 chains to an | 


(7) 16°84 Inches to 2 mils...) 


G chsins inet, 
\ saad atelys mint 


(8) 25044 inches to = mis 


((10.) 200 feet to am Inch,...... 





1.) 8 chales to an inch,,.... 


[(22.) 100 fot to an iach, 


nb to fc, oy 
4 inches to a mils, 


14.) 65°56 taches to a mile.| 


5.) 44 foot to an ao 
120 frcbes to «mii, 


(16.) 126-72 inches to « milo] 





Smallest scale permitted by the stand 
ing orders ef parllament for *en- 
larged plana” of buildings amd of 
lucid within the curtilage of buildings. 

Seale answering the same purpose. 


Scales well malted for the working 
surveys and land plans of great 
engineering works, and for en 
langed parllamestary plans, 


(Scale 8 is that prescribed is the stand~ 
ing orders of parliament for “ross 
exctions” of proposed railways, show= 
ing alverations of roads.) 

‘Scale of plans of part of the ondsance 
survey of Britain, from which the 
maps before mentioned are redmoed. 
Well adapted for lund plans of en 

1g works and plans of estates. 

Seale suited for similar parpown. 
Sroaldest scale prescribed by Law for 
land or contract sans {a Livtand. | 

Scaleof tho Tithe Commissioners’ plans. | 
Suited for the same purposes as the | 
abore. 

Seale suited for plans of towns, whe, 
hot very Satri 


Seale of ordnance plane of the Sens fi 
tricately built towsa. 





Decimal scate having the same pro 
pecticn 

Scale of ordnance plans ef the mare 
intricately built towns. 

‘Decimal seale having the same pro- 
pecties, < 














GEODESY. 


Vertical sections without exaggeration, showing the horizontal 
and vertical dimensions of the ground in their real proportions to 
éach other, are required at the sites of proposed large works in 
masonry, timber, and iron, such as viaducts These sections are 
in drawn on a larger scale than the vertical acale of the 
ordinary working sections. 

9. Methods In Surveying.—There are two principal methods fol- 
lowed in surveying, each characterized by the mathe- 
matical process which it involves: the method of distances and offsets, 
usod for filling up the details of a survey, and the method of triangles, 
used chiefly for ascertaining the positions of certain stations, but 
occasionally applied to filling up the details also, 


Emsr Mernop—Br Distaxcrs axo Oresers. 
Th fig. 1, A is the representation on paper of a station, or fixed 
peracid Point on the ground, and A D that of a line extending 
from A in a known direction. 
ascertain and Jay down the position 
of a point C relatively to Ay a per- 


pendicular is let fall on the ground 

Fei ® trom C upon A D, meoting that line 

7 in B; the distance AB and offeet 

BC are meesured, and these being laid down on the plan to a 

suitable sealo, the point C on the plan which represents C on the 

ground is matked or plotted. In some cases the angle at B may te 

some measured oblique angle instead of a right angle; but in mosb 

canes it is a right angle. This is the method of surveying by 

distances and offsets, and is that by which the details of a survey 
are in almost all cases filled in. 

‘The same figure may be taken as representing the elementary 
operation of levelling, if AD be held as marking the datum hovi- 
zontal surface, and CB the height above that surfice of a point 
©, whose horizontal distance from A, the commencement of the 
section, is AB, 

Secoxp Meruop—Br Tetaxcum, 
A and B, upon the r, represent two 
5 stations or potnts cr the roan wha 
pe \ relative position—that is, their distances 
apart, and the direction of the line joining 

Ss \| them—has been ascertained. It is re- 

<————— quired to sscertain and lay down on the 
wacky paper the position of a third point C rila- 
tively to those two. This is to be done by measuring any two onb 
of the following four quantities :— 





Ir. imi Trial Sections, made 

React livsic or SALA cules te wollen 

‘These may, or may not, be accompanied 

plan—the necessity for which will 

character of the existing maps. The engi 

Papteesitno ths. sitelof fhe wenk.with & egren of préclaion precision depend 
Agia tia cars cod ail ab har beck eto aes 


surrey will be the less, the 
th precio eth which the the best line has been found by sae 
te “ied operations, 

Additional Trial Sections, both longitudinal and transverse, 
are now to be made with the ‘aid of the detailed plan, so a8 to 
fix exactly the best line for the proposed work that cin be found. 

VI. Marking the Line.—The line so fixed is to be drawn on the 
plan, and marked on the ground by stakes, or other suitable 


eee (See Article 13,) 
The Detailed Section is now to be prepared by careful 
and accurate levellings, 90 ns to exhibit a datum horizontal line, 
aline representing the surface of the ground, and a line, or lines, 
the levels of the proposed work. Certain heights and 
other information should be marked in figures, as will afterwards 
Md, 15, i 


ax Designs and Estimates.—The nha now design the 
stractures required for the proposed work with sufficient 

to enable him to estimate their probable cost. (See Article 17.) 
X. Parlicmentary Proceedings.—In the event of its bea 

to ly for an act of parliament for the execution of 

and section book of reference to the plan 

Sprepired, anil coples of them deposited in certain pallid 

offices, in conformity with the stat orders of the House of 

satin Lgcrbereatnared louse of Commons No 

attempt is jo in this treatise to give any summary of thos 

stending orders, because, as they are liable to be amended and 
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ntatod, in ter detail, what steps are taken in making the survey 
neferned Serre Head TV. of Article 11, p. 10, = 
(a) Selecting Principal Stations,—The surveyor, making a general 
exploration of the ground to be surveyed, will ‘choose a werias of 
stations placed generally on the highest and most open ground; so 
that cach station may command as extensive a view as possible of 
the ground to be surveyed, and that a pole or other signal placed 
at each station may be distinctly visible from the neighlouri 
stations. ‘These stations should also be chosen so that the ae 
nary lines cormecting them with cach other, and with a series of 
conspicuoua objects in their neighbourhood, such as towers and 
spires, may cover the district to he 
surveyed with a network of lange 
triangles, having no angle leas thaw 
30°, or more than 160°; two angles 
at least of each triangle being neote 
siblo atationa. 

With the exception of harbor, 
most great engineering works aint 
long lines of communication, such. 
na railways, roads, and eanals; and 

required for a it of 

a braces, in general, & 
long narrow band of country, naanlly 
about a quartér of &’mile, and seldony 
more than half-a-mile wide. Lob tlie 
two dotted lines"in fig. $ represent 
part of the band*of country to be 

the principal stations, Ay 

, ke. are to be chosen so) 

junctions of a series of 

straight linea running along that 

hand, line as long as may be 

practicable consistently with obtain 

ing good! points for stations, These 
are qalled” base lines, or prinely 

station lis Tho network of trie 

angles ig to be completed by selects 


ing a series of lateral objects, F, G, © 


ii. H, é,, which may be high buildings, 
conspicuous trees, &c. 
‘Tbe principal stations aro to be marked permanently by stakes, 
and temporarily, when required, by poles ath Ang. 
(h.) Ranging Principal Station Linesz—When the linea aro of 
great length, or have uneven ground and other obstacles in their 








i ENGINEERING GRODEST. 


oS Sperseres 
Eee tae os eines 
mencement of the centre-line ; all radii of curves wl 
one mils aro to be written on the plan in furlongs and bees 
and the lengths of tunnels in yards. The information th 
ja tony on the is usefal to the engineer, independently of 
Bor Tt is also useful to the engineer, although 
FE eat haves tcf te nictant pears alesse 
ehsasee by the aid of contour lines (which will be farther 
ed ), especially when the plan is to be used in 


om the Section, —The horizontal datum-line of the section should have 
marked on it a scale of distances corresponding with those marked 
along the centre-line on the plan, in order that 

points on the plan and scction may be readily found; and =< 
care should be taken that horizontal distances on the plan and 
section exactly agree, 

Alongside the datum-line on the section there should be a 
written statement of the clovation or depression of the horizontal 
surface which it represents as compared with what is called the 

“ Datum fixed point ;” that is, a woll-marked and easily found point 
on some permanent object, which (ss prescribed in the standing 
onders of parliament) should be “near one of the termini” of the 

work. The chief requisites of an object for that wel 

are, permanence of position and easy identification; 80 
the whole, some portion of the masonry of a building ( able 
ailding, if possible), such as the upper side of a window-sill, 
Plinth, orstring-course, may be considered as the best. Door-sills are 
deficient in permanence because of their liability to be warn down be 
thefeet of persons passing inand out; nevertheless, theyare frequently 
nised as datum-points, and not objected to. The upper surface of the 
mails of @ railway at some specifi 
ni datum, and considered sufficient, althou 
= being permanent. Amongst obj 
muy be mentioned, all 

aaa ly changing. how slight soever the change may be, suck 
as the “top water level” of a canal, and all ideal horizontal 


Amongst other information to be marked in writing on a section 
are, the heights of the principal parts of the work above 
the horizontal datum-line, nnd in particular, in case of a rail 
"wy; those of the upper surface of the rails at the points whore the 
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‘The operations of 
levelling, and setting-ont, having been enumerated and 
in a general way in the present chapter, the remaining 

of this part willbe devoted to the explanation of details 
aplativg to certain branches of the subject, in the following 
Surveyi with the chain. 
Sarveying by angular measurements, 


Bair Galera ead rednding plane 
itis explanation Of some of ts pecaliatitics of surveys fe 
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‘been chained hy counting the brass arrows in his hand, and the 
niunber of chains over and above the entire tens of chains by count- 


Grrows as well as the ne ones. 

Tf the leader takes care while advancing to 
‘on the signal at the distant end of the line, he will pape 
the chain forward in the trae alignment with very little direction 
from tho follower. 

‘The follower while advancing should allow the chain to slacken, 
and should take care to keep it clear of the arrow, and of objects 
Srey Rhaining Soe the surveyor the distances from 

As on, the wr notes the 
the cemtnedeanene oF. which the station-linc croses all fences, 
boundaries, banks of streams, sides of roads, and other objects to 
‘be shown on the plan; also where it crosses other station-lines, and 
where points occur suitable for intermediate stations in the survey. 

23. Chaining on o Dectivity—Reduction to the Levet—In chain- 
ing up or down a slope, the distance actually measured must be 

inced on the plan to the projection of that distance on a hori- 
zontal plane, moat convenient way of effecting this is by 
aieans of a correction in links and fractions of a link to be deducted 
from each chain, This correction being known, may be applied 
mechatiically during the chaining, by pulling the chain forward at 
each chain-length through « distance équal to the required correction. 

‘The following are various formule for computing the correction — 

When the angle of inclinati e 
meter” or other angular instramoni 
Correction in links per chain, = 100 x versed sine of inclination, (L) 

When the vertical fall in links for each chain of distance on the 
lope is known ; 

Correction in links per chain=100— ,/10,000—all?; (2) 
and when the slope is gentle, the following approximate formals 
will answer:— ee 

son dn YE esi el 
Correction in links Per chain 300 neatly....+..2(3.) 

To save calculation, most clinometers and theodolites have the 
correction for declivity marked on the “limb” or graduated ane 
on which ae in a vertical plane are measured. 

eae surveyors Jearn to estimate this correction with 

ble accuracy aiey the eye, 
Tes use may often be apse with by stretching the chain ina 








t 


nee 


&,, if the optical square is correctly adjusted, 

image of B will be seen apparently coinciding in direc- 

i fo acento piper ste 

means jjusting screw which acts upon one: mirrors, 
peat the whole operation contil the ad joaicocet Se saad 
is answered by a 


é 


Fa 


C4 
© proportions of the sides being dotermined by the principle, 
sum of the squares of the Sides which prvi the night 
ual to the square of the hypothenuse, or side opposite 


Ly 
ie = 


proportions of whole numbers which fulfil that 
are the following :— 
Sides enclosing the uy, 
fight angle thentne 
3 ; 4 : 5 
5 : 432 e 3 
“7 2 ag 25. 
8 = vay! r ay 
20 : ar : 29 
‘The most useful of these proportions is the first and simplest, 
3 a, | r 5? 
bd ‘fellowing is a general method for finding iber of sets of whobe 
Pain ben poten oo cha ie of ait naghed cena abate 
Rieesa any tro. nesbees whateeorer, = elm, = being the qrestey ell 
| 


t 
i 





‘ure either both eren, or beth odd, make 
nowt tid 


2 2 

and Deg! of the abore expressions by 2 
+ y= J 

proportlona! tothe ives eides of a vight-angled trisay3h wane | 


n=ma; y= 








posit 

out of the line. Then by measuring the two 
remaining sides, AC, BO, of the 
ABO, so that the lengths of all its three 
idea mugy tbs Snowe, he nee 
determined. 


Agreeably to the Cy 
in bast tile, et Geter 
tov acu the os thane ACB di 
from a right le. Supposing a certain 
Fig. 6. een tenon Semone 
one of the lines BC or AC, Iga oO Bee aoe 


perce as eal indie srishnl een ROB ee ane 
a mnie os labor fata 2 UEI His SESE ea 
of © ix greater than the original error in the Troportioa ‘oft 
cosecant of the angle A.C B to radius. 

Triangles in which tho angle at the point to be determined is Teas 
than adsense ty ba ore 


'y be tested on tho plan when plotted. Tt may 
also be tested by ealculati if all the measurements are correct, 
the following equation will be verified, 


ch= 


es cae in scierte—k Jong station-line, otherwise well 
its may ve One or more in its course 
through which, owing ‘to. tbe intervention ot bung ‘woods, 
water, swamp, or other obstacles, it may be It or 
ypossible to chain along the line with accuracy; and in some cases 
also it may be impossible to range the line directly across the 
obstacle. These difficulties are most reudily met by the use of 





side of the obstacle respectively, 
” From a convenient papestrar pe 
os 


bean / {atteac-to* As (AB ACh Boyt. @ 


‘The following modification of this formula, though Jess simple in 
appearance, is better adapted to computation by the te lp of a table 
of squares ; 


AbsAgf—(Ab—A 
bona / {ats ae A Ror 


(ABt4+A Ct BOD. } (SA) 


The points B and C aro shown in tho first instance as ying 

a. ~ and the station-line ; but if necessary, they may be 
longations of A cand A} beyond the station-line, as 

oe ato if tet pp erratic , as at BY and C%, 


and the same formula will 
pplifi if A Band A O'ean be laid off eo 
tional to Ab and Ac; for then the 


iy 
tings ABC and A e become similar, BC is parallel to be, and 
— 


by lotting, . 
the obstacle can be chained round, but mot 


nor seen, over. 
ernop (By parallel lines, sce fig. 10)— From A-and 
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triangle with a and 5; prolong the lines 6 C and a © until 
points A and B are reached through which a straight line can 
ranged and chained past the further side of the obstacle. 

In some cases it may be advisable to begin by choosing 
stations A and B, then to choose C, and then to range the 
Ba, and A Cd (as in fig. 13), or Ab C (as in fig. 13). 


Fig, 12. Fig. 13, 
All the sides of the two triangks A BC, aC, are to be 


mena Le 

‘Then, to find the point ¢ at the intersection of the station-line with 
AB, compute the distance of that point from B by one or other of 
the following formule :— 

Ifc lies in A B produced, as in fig. 12, 


7) 


If c lies between A and B, as in fig. 13, 
_ AB-aB-bC ~ 
Be=racrpehhO ee 
Noxt, to find the inaccessible distance b ¢, use the following formula 
(which is applicable to both figures) — 
_ abs Ab-BCO 
be= a aE en 8) 
The same problems may also bo solved by Plotting the fi 
abcA BC a, and producing a} till it cuts A B, asin fig. 15, or 


A B produced, a3 in fig. 12. In & purely mathematical point of 
View, it is unnecessary to measure both AY anda, ox either of 

















and the area of the whole figure, being the sum of the areas of the 
pei wih ad yoni tes tame 


Area==- aes i seses(h) 


being a symbol of summation. 
If the ordinates arv at equal distanoos apart al the value of ane 
equal, and the preceding formule becomes 


Ara= (@ $b +b +b tho. + 


Pee ac ereg ae: ena ae AS EvD ss of the figure, and 5,, 
Be este intermediate bread! 

A modification of the last ei founded on the i 
that the lateral boundaries of the figure consist of short i 
ares, is as follows, the number of divisions being even :— 


reas {s weg 3g + By + he...) +4(b, +B, + does ts a) 


‘The most accurate way to find the areas of all the pieces of Innd 
included in a survey, is to use the dimensions ss given in the field~ 
book alone, calculating the areas of riangles by formula I or 2, 
and the areas of the stripes of Iand 
and the fences surveyed from thi by, formula 4, in which 6 and Jf * 


are to be taken to represent a pair of adjacent’ offsets, and d the 
distance between them. 


6 


laborious, and may in many eases 
ig boundaries and 


WL Me by Mechoniem.—Instraments for measuring arens 
iam are called “Plani- 


i dise 
and serves as a fixed support for the 
ig Te: smriryee J 5s eae is on 
which turns the arm 
BO.to which at O is hinge the'ere D; = that the tmeing | 








CHAPTER TIL 


OF SURVEYING BY ANGULAR MEASUREMENTS, 


‘Trigowometical Formule used in Sarveying. 

I, Relations between Angles and Arcs.—The angle or difference of 
irection, BA ©, between two straight lines, A B, A O, which meet 
at the point A, is expressed as a quantity, as is well known, by 
stating how many of certain aliquot parts 


7 fa right angle it contains; those parts 
fe being, the degree, or ninetieth part of a 
right angle, the minute, or sixtieth part of 
el <L_ |, a degree the oeond or sixtioth part of 
72_¢ minute, and the decimal fractions of a 
second. This mode of expressing angles 
is ie most See for peghnine 

calculation. Another way of representi 
‘ies oa the atsne tacthoa is 20 cms voneaa 
circle D E F is described about A in the plane of A B and A © with 
any radius; that the circumference of that circle is divided into 
360 equal arcs called degrees, each sage into 60 minutes, each 
minute into 60 seconds, and 20 on; and that the number of such 
divisions of the circle contained in the arc D E which subtends the 

angle B AC is ascertained. 

‘A second method of expressing the angle BAC is to take the 
ratio which the circular are D E subtending it bears to the 
radius A D. i e angle is said to be in 
terms of arc to radius wmity, or in cirewar measure. method, 
though less simple than the former, and less commonly employed, 
7 iTe two telhode of cx Je are compared with 

two metl ing the eame angle are com} i 
each other by the aid ys Enowledge of the ratio which the 
circumference of a circle bears to its diameter: which ratio, ali 
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a circle of the radius unity is described shout A, 
each of the two lines a part equal to the radius, 
AD=AO=+1L 


ius, perpendicular to A D. 
and Feels tok eal fsnua Orpen heat 


= Fig. 21. 
ae: Ee eas 2 Gas ash 
circle at Fr periactionlac therefore, to A D and A F), and 
ating AO we luced in E and G respectively. 
Then the definitions of the several trigonometrical functions of 
the angle B A O, according to the two methods, are as follows:— 


In Pig. 21. 


angles B ACand BOA are complementary to 
coe ual to a ri Tight angle ; *0 also are the 
AF in fig. 21; AS when this relation exists 
angles, the sine of each is the cosine of the other, 
Se taatine toe 








‘cos (180° — A) = — cos A; 

-versin (180° — A) = 1 cos A = 2— versin A; 
coversin (180° — A) = coversin A; 

tan (180° — A) =— tan A; 

cotan (180° — A) = — cotan A; 

see (180° — A) = — see A; 


ain (180° — aioe A; 


oseo (180° — A) = cosec A. 


From these equations it is to be understood, that in 22 i 
angles trigonometrical formule which were 
intended for acute angles, the algebraical signs of all sines aa 
cosecants of such angles are to be kept unchanged, and those of 
cosines, tangents, cotangenta, and secants reversed. 

Tn analytical pone a further distinction is drawn between 
the sines of angles, whether acute or obtuse, ee to the right and 
Jeft of a fixed direction, which are regs tive and negative 
Tespectively. In geodesy it ix unni to inzudacs thats 

except in one ease, to be explained afterwards, 

TL —Trigonometrical Functions of Two Angles, 


A 








ed ar ne eh }er 


cost A — tin? B= cost B— sin? = 
2 cath PB) oe | OD 


eta Ss 
extn? B— evant A =82A—B)-sin (A+B), apy 


IV. Formule: for the Solution of Plane Trianglet—All theoa 
formule are dediced from the two following principles -— 


_ The sum of the throo angles of a plane triangle is equal to two 


right angles 
"The sides of a plane triangle are proportional to the sines of the 
opposite angles. 

When the computations are to be made without the aid of 
logurithms, the simplest formule are the best ; but when logarithms 
are used, formule of greater Sagan! are often employed, in 
order, as far as possible, to dispense with additions and subtrac- 
tions, and make the calculation consist of multiplications and 
ony 22 presents a pla Je, whose three angl 

rej ts a ne tril le, whose angles are 
> denoted by 4, B, 0, and the’ thee reiiag 
respectively opposite them by a, 6, ¢ 

The following equations express in vari- 
ous forms the relation between the three 
angles, and enable this problem to be 
% solved, given, tivo of the angles, or trigone- 
metrical functions of them : to find the third 
angle, or @ tas jinsmmaciont auncise ofit. 


A+B+0=180; 
Let A and B be given ; then 


° 


sin O=sin (A+B) ; 00s O= — cos (A+B); ... (33) 


c A+B 
tan = cotan 3 (94) 
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1S rapper packers pas emp hs 
ne aves Bode angles, 2s C, the simplest formuls is 


+e 
@ 


cos C= Socata (4) 


but this formula being unsuited for logarithmic calculation, one or 
Morea te Ss ie ee 

are t Let ti of the sides of the triangle 
be denoted by Peg 


adi hts, then 


BESO. oe Sy /EDED (=) 
¥, “9 


When ¢ is a lange angle, the expressions for eve and cotan-y, 


are the most convenient in calculation; when it is » soall ange 
those for sin G soa tan 9 are to bo pofrrd A 6th formals, le 
- is 


sing = 282-9) SO )e=e) 5 «+ (43) 


but this is unsuitable if C is nearly a right angle. 

Paostem Fourti.—rwe Sides given, aad the Angle opposite one of 
them-—In. fig. 23, let A be the given angle, 
and a,c, the given sides, of which a is opposite 
¢ A. The sine of the angle opposite ¢ is given by 


Fig. 22. © the expression, 
$-sin A; . ; ass (He) 


pee mer cither to the acute angle C or to its supplement, 
te tage Om C; Cand C being the two paints in 
ling AO which are at the distance a from B. Unless, 
pelted by observation whether the angle pcre 
3: own Uy ohrvton wine he se 








Prosux Sixru.—To. tho of: ‘terms 
oo preree ne express the ares of's plane triangle in 


(Case 1. Given, one side, ¢, and the angles. 


¢ snAsnB 
Ara= =o sevens 


‘Case 2 Given two sides, 5, ¢, and the included angle A, 


ee) 


Case 3. Given, the three sidex See Article 32, page 33. 


‘V. Formule for the Solution of Spherical Triangles, 
Thess formule are a ee 


sue at —e 


tended by arcs on the earth's e, 
In this calculation it is suffi ently. accurate for the 


engineer to treat the earth's surface ns a sphere of the 
ae Lopate p 2, viz. — 


41,778,000 feet =7912 statute miles; 
so that, referring to the present Article, Division I. p. 87, for the 


borne to the radius b arcs subtending various units of 
+ of such ares on great cireles of 


m= 6076-06 (=a. 5 ine (OF 
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series give ‘imations to the value of each of thase quantities 
in terms of the other; 


ae wis A ar trgees yetes 
sna sl— pag at pagan so OS) 


PS sin Sa + ho.» (54) 


In most cases which occur in engineering geodeay, the first two 
terms of each of those series are sufficient, and they may be thus 
expressed :— 


Basin thy. sin tet 


2 
sne=T(1-5 pearly; ssssscennease (BB) 


sin #2" 


Sesina (1+ : measly... sans (56) 


For logarithmic calculation the following approximate formule 
‘aro convenient :-— 


3 2 
log sin a= log = = + 0723824 oS 


7 
= log a (in feet) —7-3199176 — -0723824 a + (55 A) 
log a (in feet) = 73199176 + log sin « + - 0723824 sin *s (56 a.) 
(- 0723824 = modulus of the common logarithms +6.) 

Promax Txrep.—Given, the area of a apherical triangle on the 
earth's surface; to find the excess of the sum of the three es 
above two right angles (or as it is called, the “spherical excess” 

Let 8 be the area of the triangle, r the earth's radius, X the 
epherical excess; then 


x=360,5 


=angle subtended by are equal to radius 3 
that is to exy— 
= 206264°8 S (in square feet) 
X (in seconds) = —F55°350,331,000, 
§ (in square feet) | 
= $115,500,000 nearly? 
or by logarithms, 
Jog X (in seconds) = log 8 {in square feet) —9°3254101...(58 2) 
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Second Method.—To find the remaining angles, A, B. 


A+B A-B 
<< 5 
The remaining sido x is found by the proportion (63), 

Paoutem Srera.—The three sides of a spherical triangle being 
given; to find the anglese— 

Lot C be the angle sought in the first instance. ‘Then 
03 + — 008 # * 608 6 

sine sing =” 

but as this formula is not adapted for logarithmic calculation, one 
or other of the following, which are deduced from it, is to be em- 
ployed for that purpose :— 


Lat on ®*E*¥ denote the half sum of the sides ; 


cos 4, /S0z-8in 2), ing = 


sin « “sin 8 


A 


cos O= 








cong is best when § approaches a right angle; sin when {ia mall 
‘These formule will servo alike to compute any angle. If it is 
desired to express the angle sought by A or by B, the following © 
substitutions are to be made in the formule :>— 
For the following symbols in the formule for O,... « 3 y 
Substitute respectively in the formule forA,... 6 y # 
_- _ _ — forB... x & 
the 


& 
x 
« 
Prosiem Sevestu.—tIn a right-angled spherical triangle, 
right angle and any two other parts being given, to find the remain 


“ARY C be the right angle, and y the side opposite to it. 
Case 1.—Two sides being given, the ‘third is found by the 
equation— 
cos #* cos B= cos 75 careecpeseen( BT) 
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from which find « and s in seconds; then the lengths of the sides in 
foot are— | 


a=101-273 «; b=101-273 4;... 
or aand b may be calculated directly from sin « and sin & by equa- 
ES = | 

‘ethod Second @ trigonometry)—From each of the 
qubtract one third of the sphorieiliec-osay and thea trestttid 
triangle as if it were plane. That is to say— 


Pronur Tamp.—Given, in a triangle on the earth's surface, two 
sides a, b, and the included ungle C; to find the remaining side, ¢ 


sete Fort (By spherical trigonometry),—As in the last prob- 
h —Asin 
Jem, find the ie 8, subtended by the sides, by pe 


uation 52, fi 47, or the sines of thoee angles by means of equation 


56 a, p. 48. solve the triangle as a spherical triangle, by means 
of equations 62 and 63, p. 49, or equation 64, p, 50. death, 


¢ in feet = 101-273 y in seconds. ... oe 

Method Second (By plane trigonometry).—Compute the approxi- 

mate area by equation 51, p. 46, an it tbe triangle teeth | 
“thence compute the spherical excess X by equation 58 or 584, p. 
48, and deduct one-third of it from the given angle. Then consider — 
the triangle as a plane triangle, in which are given the two sides a, 6, 
and the ineluded angle ©'=C-}. Find the thind side ¢ by equa- 
tion 37, or equation 38, p. 43; and the remaining angles A’, BY of 
the supposed plane triangle, by the equations 39 or 40, p. 43; and 
for the remaining angles of the real spherical triangle, 
x ane! 
ARA+ Fs BHB tS. wovecsonneessee (78) 

Prontru Fovrti.—tTo diminish as far as possible the effects of 
‘small errors in angular measurements. 

Such small errors are detected by measuring the whole three 
angles of a spherical triangle, and adding them together. If the 
Measurements are perfectly correct, we shall find 

A+B+C=180°+X, 


(&X boing the spherical excess, if it is apprétiable). But if small 
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‘The horizontal angle between any two directions is the difference 
‘their azimuths, if that difference is less than 180°; if itis greater 
- Soni, than 180°, the excess of 
360° above the difference 
of the azimuths is the 
angle between the direc- 
tions. 
Altitudes and depressions 
are the a always 
acute, which the directions 
of objects, ax seen from a 
given station, make above 
and below a horizontal 


dolites varies very much; 
but there are certain esen- 
tial parts which are com- 
mon to all, and which will 
now be enumerated, com- 


ing at thi 
aro fous in tho Tram 


within the other, 


inverted it 

the object looked at. The 

inner tube has, at ite nearer 

called the iiece,” which bea reel ieee 
ie “eye-piece,” which magni it int i 

the use of an adlivonal tube and certain additional glasses, am 
“erecting eye-piece” may be formed, which makes the object 

erect; but this causes loss of light, and possesses no 
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been disturbed during the interval between two observations. 

eee ppg adjustments of the 
theodolite, as well as those of every o! surveying instrument, 
may be distin, into temporary adjustments, which are made 
by the user of the instrument each time that it ia set up, and per- 
manent adjustments, which are made by the manufacturer, and 
only tested and corrected occasionally by the uscr. 

L 'Tho Temporary Adpistenente will now be described, om the 
supposition that the permanent adjustments are correct, 

(L) Place the theodolite at the station by the aid of the plumb- 
Tine mentioned in Division XJ. of the last Article. 

(2) To “level the instrument"—that is, to place the vertical 
axis truly vertical—the easiest process is to make the vornier- 
plate truly horizontal by mcans of the spirit-levels ff For that 
[ie Vip dae a into such a position that the two 

Beep he pealial xoqiocllvely. to the lye: sieeae 
square formed by the platescrews, Then the bubble is to be 








60 


IL The Permanent A 
time; but in a well-made theodolite they will seldom 
correction. Before testing those adjustments, the temporary 
justments should be made with care. 
Ieucrarahcie greed aromas eck 


circle, the cross-wires to coincide in aximuth with the i 
well-defined point in that object. The vertical circle should be 
unclamped. Now lift the horizontal axis out of its bearings, and 
replace it with the ends reversed, so that the telescope is upside 
down ; if the ecrow-wires now coincide in azimuth with the same 
object, the line of collimation is perpendicular to the horizontal 
axis ; if not, one-half of the deviation ix to be corrected by shifting 
the cross-wires by means of the horizontal adjusting-sorews of the 
dixphragm,and the other half by the tangent-serew of the horizontal 
cirele. Reverse the horizontal axis again, and repeat the operation 
till the adjustment is perfect. 

In the transit theodolite there is another mode of reversing the 
telescope to perform this adjustment, which consists in {araltg 
the telescope over on its horizontal axis, and then turning it 
through exactly 180° in azimuth. 

Tn the common theodolite the line of collimation is adjusted by 
turning the telescope half round in its Y's about its own axis, and 
observing whether the cross-wires continue to coincide with the 
same object, Should they deviate, half the deviation is to be 
corrected by the diaphragm-screws, and the other half by the 
tangent-screw of the horizontal circle. This adjustment places the 
line of collimation in coincidence with the axis of the Y's The 
eet of the latter line perpendicular to the horizontal axis is 
left to the instrument maker, 

(2) The Adjustment of the Level attached to the Telescope can only 
be effected, in the transit theodolite, by methods which will be 
explained in treating of the adjustment of levelling instrament, 
‘The same may be said of the adjustment in a vertical direction of 
the line of collimation. (See Art. 50.) 

Tn the common theodolite, having levelled the level attached to 
the telessope by the tangent-screw of the vertical circle, lift the 
telescope out of the Ys and set it down again turned end for 
If the bubble deviates from the centre of the level, correct 
error by the adjusting-screws which connect the level 
errs and the other half by the tangent-screw of the verti 

a 








and taking the mean, is to correct the effect of errors which 
seicl cies cen tho vectieal atts OES al exactly 
concentric with the graduated limb of the hori- 
nda ars in fy 3) aE 
straight lines cutting Tee it not 
pasa ote ane Bee EB “he ee 
tricit t int produces 

Fig. 31. Soran te the art BO DE tee the 
are which would sabtend an angle equal to BA C at the centre 
of the circle ; so that the mean of those arcs is exactly equal to 
the arc which correctly measures the angle B A ©, how great 
soever the eecentricity may be. 

The same object is attained in Colonel Everest’s thoodolite by 
taking the mean of the arcs read off by the three equidistant ver- 
niers, which are used in order to give better security against errons 
in luntion than two verniers give. 

the transit theodolite, errors arising from the horizontal axis 
not being exactly dicular to the vertical axis may be elimi- 
nated by turning the telescope over about the Daregenesn =" 
half Biche that the ree meter the measurement 
2 poe Salas rales taking tha sieascicbiata 


When a serits of horizontal angles has been measured at a 
station betwoon a series of objects, returning at last to the object 
with which the observations commenced, the accuracy of the obeer- 
yations may be tested by adding the angles together; when their 
sum ought to be exactly "60r. Should it differ by a small are from 
360°, the most probable values of the several angles will be found 
by dividing the total error by the number of errors to find the 
correction, which is to be added to or subtracted from etch of them 
according as their sum is too xmall or too lange. 

When very great accuracy is required in measuring » horizontal 
angle, the effect of errors of graduation may be diminished to any 
pence extent by the process called Rurerrmoy, which is as 

lows :— 

Clamp the vernier-plata, and read Bas verniers. 

Unclamp the vertical axis; direct the telesoo| towards pts 
elamp the vertical axis, and direct the line of colli 
towards B by the tangent-screw of the vertical axis. 

Unclamp the vernier-plate ; direct the telescope towards ©; 
clamp the vernier-plate, and direct the lino of collimation exactly 
peels © by the tangent-screw of the vernier-plate. 

Unelamp the vertical axis, de. (as before). 

Repeat the whole operation as many times as it is to 

reduce the errors of graduation, observing always to 
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shaiateoa tiesto ety tae whlch Se nde SS or lowest. 
point of its apparent daily course, and take also the altitude of that 
star. Leave the vertical circle clamped, and let the instrument 
ea pce leer pelea a 
altitude at the other pea ed its 


any Seo altitade, as is shown ty i tnoge Cola 
Frc iste thn seaeard the horizontal angle between 
Teasers dicestira ot the pias ead on aatice ioe: the mean between 
ange will be the true azimuth of the station- 
ie" 
Tn both the preceding processes it is to be understood that the 
mean of two horizontal angles means theit Aalf-stem when they are 
at the same side of the station-line, but their half-difference when 


they ure at opposite sides, 
(ial adobe method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afternoon, or 


vice verad ; but in that case a correction is ined, owing to the 
sun's chunge of declination, When the sun's declination # is chang- 


ing towards the Aner the approximate direction of the meri- 
dian, as found by the method just described, is too far to the 
{ER} ‘The correction required is given by the formalayt 


change of sun's declination 


3 “latitude X cowwe angular 
motion of sun between the observations ........ wee (LL) 


By One greatest ; Circumy Star.—" 
this inamaied the declinat Cistot ti the star, zal who latioude of of the 
place, should be known. ‘Then 


at night with the theodbolite, it is necessary to throw, by means of a 

ssiror, enough of light Sato the tbe to make th erom-mizs vibes 

inca era ae of change ofthe ru's declination aboot 69” par oy 
’ sun's right ascension. 








with the. aid of a epee oeaenie 
those two stars appear in the same vertical 
asshown in fig. 37. The Polo-star is marked A. 
When two points on the exis series Mas 
tin sami itiinde, but different lon horizontal angle 
mado Pe et aeratiete wih nek ee to foto te eee 
equation ; 


sin horizontal anglo = sin 3 difference of long. Xain-lat (S) 
43, Plowing and Pretacting.—Tho most accurate method of 
pedirty of the sides of the 
compasses like chained A Sriangles 
according to thi: 


To plot, 
between a stati 


angle is to be 


multiplying the radius by 
sine of a the angl 


in. its centre, through which 
Sine gids of ths gicastrehs the 
Sel circle marked on it 
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eaeetanlheecial pile ae 
of turning about a vertical axis, of being adjusted | 
(like the azimuth circle of whol) ton Roan 
shown by a spirit-level laid on its surface, 
‘The vertical axis has a clamp and a tangent-screw to adjust the 
table to any required position. 
Paeeeeer ie wi Sine etialeribetgee! cxler, , having upright sights 
at its en: 
The use of the plane-table resembles 
= ithe seein of beng ol 
afterwards plotted, are at once down 
39 illustrates the principle of su with the plane-table, 
i nt mle te 
AB, and to mon the it ab, to 
‘that’ fat caus entiebic scale, the instraient Je tben tobe 
and arial the station 
int @ on being 
Leas the ret na 
a needle 8 to be fixed. 


» 
Fig. 89. 


i 
so that while its fiducial edge s 
of sight shall be successi ely d di 
objects whose sitions relativel; 
soeh as C and 


to bo adjusted till the sights 
then to be tarned so that while 
needle at d, ite line of sight shall 
eerie eos ae inlars ant stort pointing from 
‘those objects are to be drawn along its edge, intersecting the lines 
© To protect the paper against the efits of the alternate molstnre 


the air, Captain Siborn recommends 
the tnc-op wise of'0a egg afore lla on the bourd. 








CHAPTER IV. 
OF LEVELLING. 


', Setting-out = Line of Seetion.—Pro} to taking the 
lealsct ue ground along the line of a vertical section, 
that line ia to he “ranged.” by marking on the with whites, 
Ce, and permanent marks where required, the points where the 
‘of section crosses all streams, lines of comanitieation, bound- 
‘aries, &e., and a safficient number of other points to enable it to be 
exactly followed. For that purpose, a tracing is to be made of so 
much as may be necessary of the plan on which the intended line 
of section is drawn, and the distances of that line from corners ot 
fences and other definite objects are to be carefully measured on the 
original plan, and marked in figures on the tracing. An assistant 
goes over the ground with this tracing, and marks the points in 
accordance with it, Should the leveller see fit to alter the line in 
any respect as he goes along it, or should it be loft entirely to his 
own judgment to choose it, « often the case with trin] sections, 
‘ ints in it from objects om 

ground can be measured on the spot and noted on the 
eee te line of sectior to be laid down on the 


48, The Spiets-Level strictly speaking is a glass tube BC, fig. 40, 
parcacticaly sealed at both” limpid 


Fig av. ean 
gemted in fy. 40, being in oo) 
early £0, to the eye. Srhe sir bubbl places itself at the highest 
Point in the tube; and a tangent to the w internal surface of 
the tube at thut point 
in and protected by a brass case. When fhe instrument to whisk 
the spirit-level belongs is in adjustment, the centre of the bubble is 
in the middle of the tube. en the bubble deviates from that 
position, it indicates that a tangent to the middle of the tube devi- 
ieee Poisin through on angle whese vale 








of turning the inner 
Jongitudinal axis. But the of 
cee conploete the instrument; for it has been 
Blood, of Quoen’s College, Galway) that the 
cidence of the cross-wires with the axis of the telescope-tube 
absolutely essential to accurate levelling, 
‘This ix demonstrated as follows: 


Fig. 3 a. 


In fig. 43 4, let A.A represent the objoct-glasa of a telescope, 
BC the’ axis of the eset daa and DD he diaphragm. 

Suppose that the horizontal crosa-wire E, inst of 
the axis B C of the tubes, is situated at a certain distance from 
that axia) Then, when the inner tube is drawn in and out, the 
Cas E will move along the straight line E F parallel to the 
axis C B. 

Let H be the outer principal focus of the object-glass, situated 
in the axis CB. Then it eee that, by Ssiae of 
all rays of light whose paths within the telescope are to 
B G, juss through the focus H, outside the telescope; so that, for 
example, a ray of light whose path within tho telescope is FE, has 
for ita path outside the telescope the straight line HG; and hence 
it follows that ull possible positions of the cross-wire E, as the inner 
tube slides in and out, coincide with the images of points situated 
Sn one straight line GH. Consequently that line (or its prolongation 
within the telescope, GK) may be led as the true 4 
collimation; and if the spirit-level is adjusted so as to be 
to that line, correct results will be obtained in levelling, p | 
tho cross-wire may not traverse the axis of the telescope. - 
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of the line of collimation. 


staff on B, a point whose height ubove the datum- 


ras = line 6 A cis tho line 
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pay 
in order that it may be parall: in bb ee i 
and expand and pica along with them. i tof 
portance in engraved and lithographed sections, in which 
often. ls or contracts differently in different directions, 
plotting of the distances and heights entered in the field-boolk is 
performed like that of the distances and offsets in a chained survey, 
(Article 31, p. 32.) As to scales, soe pp 7. 
Explanations are usually written above the objects to which 
relate, such a roads, railways, canals, rivers, &0, 
¢ nature of the principal information which is required in 
writing on sections for engineering purposes has been stated 
Article 14, pp. 14, 15. ‘ 
55, Levelling by the Theodotite may be performed in three 


LB ipl the line of collimation horizontal, and wring the 
ine of collimation hor 
theotolte ike lot T » done when a ore ea 
instrument is not at hand. 


Fi hi 

its inclination is upward or downwa! 

reduced height « correction for decli 

distance of the point from the com i 

of sight by the sine of the angle of inclination, if distanées 
been measured on the slope, or by its tangent, if they have 
reduced to horizontal distances, (Article 23, p. 20), 








Wis sbascred fs deaoted oa Vargas 
‘At the lower At the higher 
station, station. 


ss Bh sssseerersee 
in degrees 
"ire shown by the “attached” 


ey ture of the air in degrees of 
it, as shown by the “detached” 
thermometer, ie biter 


Then the height of the higher station above the ee in feet 
= 60360 fiog H —log A—- 000044 cr—of A 
( 4Ptta ot) ~(L) 
SL 


bays 


For mpid calculation, the following, though les: exact, is 
convenient :-— 


Height in feet = 66800 (log Ht —log ). (1+ 7) nearly. (2) 


In the absence of logarithms, the following formula may be used 
for heights not peeling about 3,000 feet. Correct the barometric 
reading at the higher station as follows:— 


wah (1+ ; thon 


; (14 EEE) nearly. (8) 


‘The preceding formule are applicable to the mercurial barometer, 
They are also Spplicable to the * Ancroid" barometer, with Ae 
a of the correction depending on the bag ae 

thermometer. The aneroid barometer, if very 
constructed, may be made to require no appreciable bars her 
the effect of its own temperature on its grins 
need such correction, the amount can only be determined bee 
experimental comparison between the individual aneroid barometer 
aud a mercurial barumeter, (See p. 783.) 


Height in feet = 


























eR teeton sy my eirenpioee gr eg ont 
are unequal, let pare then the position 
Settouar wins re meee ee 
DE BD-CcE 
DP=->+—apeE F F=-3 - 


‘The points H and K are at equal distances om each side of F, 
given by either of the following expressions :— 


PH-FK-\/ hs jeneoar eu ser 2p .om 


= (DF-BD) = J (EF-CB)......n(I0} 


The 9 and 10 are deduced from the two following, 
Maca tearceed te once tc cook the calculations, and are given: 
in a form suitable for the use of a table of squares:— 


BD'=DH-DK-= oe == xD 
EG@=EH-BK -@+EEP- OR -EES “(en -BKP 


ee off the ordinate 
F G perpendicular to D E, of the following tas 


FG=r— J#-¥ It. 3). 
‘The angles subtended at the centre of the curve by the several arcs 
between commencemént B and the points H, G, K, O, are as 
fallews— 
Anglosubtended at theoentreby BH = 190°—D -are'sin "5; 
— — BG=18-D; 
—  BR=180'—-D+-are-sin 
— — Bo-isr—4=360-D-E; 


as) 


“hte a of any one of those arcs may be computed by means 


Are=+0002909 rx angle at centre in minutes, ... (14) 








fe bl, Cee pete 
ving chords inscribed in 


circle, Produce rai D, waking © 
=CE; join DE. The distance D E 
is called tho “offset,” and its value is 
almost exactly 
pmo EAD. scoot 


Let C Band EG be two egal chords; then the offset is 
bX: a ee 


Tf A Bisa tangent to the curve at A, and C B a perpendicalar 
let fall upon it from C, that perpendicular, being the offew frous tha 


longus en of tie 
1 Ga recor Sere sie en 
t prolongation from the last stake in the straight line, 
Plant « small pole at B, calculate tho offset B C by equation 17, 
end of the chain, and the pole along with it, sideways from 
©, keeping the chain tight, and leave the pole at 0, 

mnward in the prolongation of AQ; range = pole 

with A and C, and at one chain's distance 
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ious, to bisect B C in E, measure 
rok be w.-- (Q94) 
Calculate the versed sine of the A BE=B, which is that 
subtended at the centre by one-half of the curve, as follows:— 


+ AB—BE 
versin Be gy 5 wees --- (20) 
and by means of equation 18 (using a table of squares, if one is at 
hand) calculate the vers sine: of %, 2,3, do, in. succesion, 
observing that versin B enables one intermediate point in the 
curve to be found, versin ®, three points, versin 7, seven points; 
and generally, that versin & ensbies 2+ —1 intermediate 


points in the curve to be found. 
From the middle E of the chord BC and toit, 
lay off the offset E D — r versin B; D will be the middle point of 


the curve. 
Chain and bisect the chords BD, D C, and from their middle 
points and perpendicular to them, lay off the offsets 
HR <1 Ler vein 85 cnnsnrun QL) 


will be points in the curve, midway respectively between 
and between D and C; and so on until a sufficient 
number of points have been marked by poles. 
in round the curve as ranged by the poles, and drive 
distances apart. _ 
ity of the curvature may be finally checked by 


V crosses fences and buildings, it should be 
distinctly notches or grooves, 
Sete eos oto fos os xcs ee 

















the number of rods to be linked: 

than the number of entire tens of feet in the depth > 
and decimals of feet are set-off on the uppermost rod- 
ing a upon it at the proper point, The chain of 

through the staple until the gland) retina oe 
prevents them from passing further, an the whole 
a bench mark, consisting of a flat-sided driven hon 
ink tia Menhalng, oF of « sakes wih ene 
i, driven vertically into the ground, is then 
of the shaft, so that its upper surface is 
st bottom of the lowest rod, 


ge 
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ssn 


ze 
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S85. Enlarging Plans may be 
manner with reduci Ben Printer ioe, 
Hr thew hoe instrument ts 80 the 
centre tl 10 traciny-point is, 
raf ean which is not capable of accuracy, 
Series de mat oh cone 
Redacing Drawings y is 
Sake 


scale of srr to the scalo of six inches to's mile. eae 


the 80 reduced are afterwards traced on the 

which the etations have been peony en by 

tho sides of the triangles, A process of 

outlines to ", Zinc, or stone, without ie has lately been 
introduced. Seo Report Com 2040 regret ete aay 
Survey, by Colonel Sir Henry James, R. 


Svrrnemext to Cuarren IIL, Arricte 40, 


86.4, Redaction of Angles to the Centre of the Station, —It somo 
times happens that the theodolite cannot be planted exactly am a 
station in a trigonometrical survey 
has Bey mete a ora ‘ie to 
one side of it, Tn such cases, sree 
actually measured between two ol 
reduced to the angle which woul ae 
been measured, had the theodolite 
exactly at the station, by a correction 
which is calculated approximately as fol 
Fig. 59 A. low — 

In fig. 59 4, let C bo the station, D the position of the theodolite, 
A and B two objects; A D B the horizontal angle between them 

as measured at D; ACB the required horizontal angle at the 
fatto C. 

Measure C D, and the angle A DO; ye AC and CB 

approximately as if A © B were equal to A D 


f an ADO sn BDC 
AOB=ADB—206264"8 CD a Sr 


a 


The above formals gives the correction i 
of both CA and OB, When 





If the star is between the elevated pole and the horimm, 
Latitude = 180° — Declination — Zenith distance. ...(4£) 


Mernop IL —By the Sun's Meridian Altitude —In this method 
the final calculation, from the sun’s declination, as found in the 
Nautical Almanac, and the true altitode of his centre, is the same 
as in Method IT Bet tals 06 Skee Se 

altitude requires to be further corrected by subtracting or 

sun's et iy ane Sn eaten 

been observed, and by My ong Ss ee ee 

ater ers F earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, from the Nautical Almanac, and 
Spree ha dipe tale eee beth 

(The mean value of the sun's horizontal parallax is about 5%) 

‘The sun's semidiameter on the day of observation is to be found 
in the Nautical Almanac. t varies from 19 46° to 16° 18%, 

‘The calculation may be thus set down algebraically — 


‘True altitade = altitude — if the sen- 
{ ecoe has et aeereed — atin en 
semidiameter + parallax 
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For example, through the point O (Bg. 60) let two 
represented in direction and magnitude by OA and OB, 


he sultant or 


Its magnitude is given” 
algebraically by the equation, 


oo=4/ foar+om a 
4 +20A-0 Bes AOR} 


Fig. 60, 


To balance the forces OA and OB, « force is required equal anil 
directly opposed to their resultant OC. This may be exprossed by 
saying, that if the directions and magnitudes of three, e forces be repre 
sented by the three sides of @ triangle (such as O A, A C, 0 O), then 
thoes three forces, acting through one point, balance each other, or im 
other wi that three forces in the same plane balance each other 
at one point, when each is proportional to the sine of the angle 
Letween the other two, 

The following corollary from the parallelogram of forces is called 
the “ PoLyeox or Forces ;"— 

IL [fa number of forces acting through the same point be repre: 

“ie tect by lines equal and parallel to the 
sides of  clowed polygon, those forces 
balance each other. To fix the ideas, 
let there be five nie bee thro ag 

the point O (fig. and represent 
in direction and smagnitade ly thi 
lines Fy, Fy F, i 


F,=and 0A; F,=and)| AB; Fy=andj BC; 
F,=and CD and DO. 


‘Then, by the principle of the parallelogram of forces, the reaultant of 
Fyod Fy OB; ihe ealbat Ri and sO 05 theme 
sultant of F), F,, F,, and F, is O D, equal and opposite to 80 
at Hie faal resoltant ja nothing. 5 

‘The closed polygon may be either plane or “gauche” —that is, 
not in one plane, 
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Beha Sees cespeetedy eel bo, and eee eee 
see Oprah balance OL 


their lines of action are at right’ 

For example, in fig. 62, supposs OX, OY, 0 Z, to be three 
axes of co-ordinates at right angles to each other. Then OW is 
resolved into three rectangular components, O.A, OB, 06, simply 
Einlieg Bl fron 1. perpen diculars on OX, OY, 0 Z, cutting 

at respectively. 

Let the three rectangular ents be denoted respectivel; 
X, Y, Z, the resultant by R, the ag er a it aati 


componcats ani 
by the following equations :— 


X=Reosa; Y=R cos A; Z=Reoa 7; 
=XP4Y24+ 2 
‘When the resultant is in the same plane with two of its com- 
ponents (as X and Y¥), the third component is null, and the 
equations 2 and 3 take the pees form:— 
X=Roos #=R ain f; 

Rta X?+¥? 

Tn using equations 2, 3, 4, and 5, it is to be remembered that 


cosines of obtuse angles are negative. 
95. Resultant amd 


Acting’ < c 
any three directions at right ang’ 
each force into three components, 
‘sider the components along a given 

as positive, and those which act in the opposite inectionte aa 
tive; take the algebraical sums of th ponents along the three 
axes respectively ([-X, Z-Y, =-Z); these will be the rectangular 
comnts Sf revullant of all the forces; and its magnitude and 

lirection will be given by the following equations :— 


Rta (E+ X)ts (S+ YP + (SDP jorrneeeeerne(L) 


emo, coe n2¥, conya2% nl) 


Ir the forces all act in one plane, two rectangular axes in that 
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Fig. 65. F being =F, and parallel 


the plane of the couple M. Then tho forces at O balance each 

other, and F acting through A is the resultant of the single force 

F applied at O, and the couple M; that is to say, that if with a 

rage force F there be combined a couple M whos: plane is 

to the force, the effect of that combination ix to shift the line of 
action of the force parallel to itself through @ 


distance O.A=3;—to the left if Mis right. 
Bpded—to the right iM i lot anded 


Moment of @ Force with reepect to am 
Axis—In fig, det the straight line F 
sent a force. Let O X ight li 
perpendicular in direction to the line of action 
of the force, and not intersecting it, and let AB 
be the common perpendicular of those two limes 


Ox, lel the Ti if prea 
plone traversing . lel to the line of action force, 
HE from tho potut Bi there bo drawn two ight lines BD and 


relatively to O ) 
VIL. Balance of any Syatem of Parallel Forces in One Plane— 
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X. Let R denote the rasullant of any system of parallel forces, 

and m, and y, the distanoes of ita line of action fro two reotangalar 
oat S+aF | _S-yF 

ee ee 


In some cases the forces may have no single resultant, 5-F 
being = 0; and then, unless the forces balance other completely, 
their resultant is a couple, whose axis, direction, and moment, are 
found as follows :-— 

Let M,=5.yF; M,=—-2.2F; 
bo the moments of the pair of partial resultant couples about the 
axes O X and OY respectively. From O, along those axes, set off 
two lines representing respectively M, and M,; that is to say, pro- 

ortional to those moments in length, and pointing in the direction 

rom which those couples must respectively be viewed in order that 
they may appear right-handed. Complete the rectangle whose 
sides are those lines; its diagonal will represent the axis, direction, 
and moment of the final resultant couple. Let M, be the moment 
of this couple; then, 


=4/{ M+ a}, Frosh hi, 1a(B) 


and if # be the angle which its axis makes with O X, 
Mt 
cos # = Sree (6.) 


aby convenient pint tens the origin of 
Aree: 


X, OY, OZ, axes of co-ordinates at 








ponents of tho qeanitent ee 3 X-and BY; fee 
is given by the equation 
R=@-X4@-¥} 
nd the angle ¢, which it makes with OX is found by the equations 
bie Sa mle ss 
cos «== din a, =e 


‘This angle is acute or obtuse according as 2 - X is positive or 
tive; aid it lies to the right or left of © X accotding aa ZY i 
positive or negative. 
i seeerent soreneah of She eyslenn el tincke a 
OZis 

M=2@¥—yX),.....-ccoote (3) 
and is right or left-handed according as M is jive or tit 
OI pepetonlos Gitte of tha ccttnt nae oe 


(4) 
Ist z,and y, be the co-ordinates of any point in the line of 
action of that resultant; then the equation of that line is 
@2*Y¥-y,2-X= 
0, the resultant acts throngh the o1 if M has 


in O 
‘and R=0 (in'which cao Y'X=0, E-Y=O) the 
conditions of equilibrium of the system | 


EeKH0; F-V=05 MAO, oescescoreerer (OH) 


ant and Tatance of any System of Worces, (A. Af., Gil) 
sultant and the conditions of of 
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The Conditions of Equilibrium of the system of forces be 
Be te CE ts tae telling See oe 
2-X=0;5-Y¥=0;2-Z=0; M =0;M —0;M,—0;(7.) 
or +» (8) 

When the system is not balanced, its resultant fall 
teas oF other of the follow cases — ee 
1 ats = When N= the resale isthe singe fre R ating 

‘Case 1L-—When the azis of M ie at right angles to the direction of 
R.—a case expreased by the following equation >— 

608 « cos A+ cos 8 008 #008 7 COs >= 0} mee» (9.) 
eepterabath of Mand 2 5s s sings Sree Sree to RB, 
acting in « perpendi to the axis , at & perpen- 
Bete dima ten 0 hen Vy tes egention 


Tree ston ct ao) 


Case TIL—When R=0, there is no single resultant; and the 
only resultant is the couple Mt. 
Jase LV.— When the axis of M is parallel to the line of action of B, 
that is, when either 
#=8j =, w= (IL) 


—By9=- 75 (la) 
there is no single resultant; and the system of forces ix equivalent 
to the force R and the couple M, being incapable of being farther 
sim) 

Case V.—When the axis of M is oblique to the direction of Ry 
making with it the angle given by the equation 
008 # = 008 2 cos # + cos 4 COs B-+-c08 » C08 7,... (1B) 


epee ae mse De romalvod into two rectangular components, 
— 


Mies pase tortuing he drecdon of H sada 
the axis of Mf; as) 
‘M cos # round an axis parallel to R. 


‘The foree R and the couple M sin # ivalent, as in Case 
‘A single force equal and Me ee 





62-425 x 998883 = 62-355 Iba avoirdupois; 
and for any other substance we have, 


Heavines in Ibs. avoird eubic foot = fic 
Recast avoirdupois per Speci }. fl) 


POs taiks od seas saaseors eee 
and heaviness of such materials a3 most ak eeritaee 
tures, So SE erred aed relate svi atthe same 
are approximate on! c samo 
Se ie ee a in akeet Soteee bat. fre- 
quently even a dient part of tho mane’ specie still the 
approximate values are jently near the truth for practical 

in the art of construction, 

104. (4. Mf, 70 to 85.)—The Centre of Gravity of a body, or of a 
sinc of bodies, is the point always traversed by the resultant of 
e weight of the body or system of bodies,—in other words, the 
ie” pre eee vot oft boty cena 


dea the Teles which bisects pectin of the 
wn through it, that point is the centre of gravity of the 


answer this mh lye, Sindy the 


© ellipsoid, the r 
ms whom toes ave cents of gx 
ther right or oblique. 
HI. The common centre of of a eet tai Se 
Beaee Peaviiy ene kocsis the cours paral eee 
of the several bodies, ca: pen 


figu 
¢, the centre of gravity is in that plane. 
i i pe ta 
‘aymmetry, tho centre of gravity is in that axis, If three or more 
of symmetry intersect each other in a point, that point is 
the centre of gravity. 








¥ 

vs thos weight, 
centre of gravity G, is sought, made by taking 
from A C D, so that ite weight is 

W,=W,-W.. 

Join G, Gy; G, will be in the prolongation of that straight line be- 
yond Gin the sume straight line produced, take any point 0 as 
origin of co-ordinates, Make OG,=2; OG,=ay OG, (the un- 


known quantity) = 
Peasy) = Be 


-71Wi— Ws 
a= Ay loW, cron (3) 


VIL. Centre of Gravity Altered by Transposition—In 
x a) ne OD toe bey 


of 

whose centre of gravity G, 
the figure of this body be alt 
posing a part whose weight is 

c Position EC F to thi iti 
that the new figure of the 
Let G, be the origi 
position of the cent 

le transposed part.’ ‘Then 
of the whole body will 

69. 


a 
z a direction Gy G, paral 
Fe. li iccawh n distence pte 
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and finding the in the which 

SS 
Weights and Centres of Gravity. (A. Rahat ed 

filing examples eo cf frau forthe and the 
centre of Ha ak se! of those 
“attellpendt occur in practice. rapt aeticcre 
notes the heaviness of the ly, W, its cht, and 2, &e., the co- 
trdinaten of its centre of gravity, y, which in cmp A 
G, the origin of coordinates belag marked O, 


A.—Prisus axp Cyiinpers wirn Parauuen Bases. 


The word cylinder is here to be taken in its most general mean- 
fing, as SS all eolida traced by the motion of a plane 
el to itself. 
ey Rar given apply to flat plates of uniform thick~ 


Bas the formule for weights, the length or thickness is supposed 
to be unity. 

‘The centre of gravity, in each case, is at the middle of the length 
(or thickness); and the formule give its situation in the plane 
figure which represents the cross section of the prism or cylinder, 
and which is specified at the commencement of each example, 

a. cle aot 71.) 0, ae Bisect 
x opposite side B C in D. Se 
2,=0 qa: 3 OD. 


wa OD-BC-sin —<ODC 
avo 


= IL. Polygon.—Divide it into Seg ort find 
Fig.71, "the centre of gravity of each; then find ‘their 
aa common centre of 5 aire “ in Article 104, 


sare 


ER 
pe 72) 
AbIoE eS 
Greatest breadth, AB=B. 
lets (ORs 
Bisect A B in 0, CE in D; 
join OD. 


oD 1 B-b 
2=00=47 (1- YBEe 
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VILL Circular Hal/-Seyment—(A BX, Fig. 75.) 
ea aay Asin? 4 —sin® #008 ¢ 
0° 37 Fmain Goons) "7 Sees) 
We} ser? (?—cos din 
TX. Circular Spandri—(A D X, Fig. 75) 
re er 
Sint 4—2sin® # cos 6—4 sin? $ 
%=57" 


West (sin ¢—} sind coe #—5)> 


X. Sector of Ring —(A CF E, Fig, 75.) OA =r; OB =. 
_2 far? aint | 9 
ah i I ae 
Wew(P-a 
XL. Elliptic Sector, Half Segraent, or Spandrit—Centre of gravity 
to be fi by projection from that of corresponding circular figure, 
as in Article 104, Case IX., p. 154, 
B—Wrors, 
XIL General Formule for Wedgex—(Kig. 76.) All wedges 
be divided into parts ra el figure here el et oO ‘AY, 
OXY, planes meeting in the edge OY ; AX Y, cylindrical (or pris- 
matic) ‘surface oats to the 
plane OXY; A, plane triangle . 
perpendicular to the OY; 0Z, 
axis perpendicularto XOY, Let OX 
=x,;XA=q,. Then 2=L=; 
a 
Wew-H fey-az 


[ey-ax 


& fagste Sfeyide’ 
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Denote the f the base and the it 
eet by A, angle which it makos 


XVIL Complete Cone or Pyramid.—Let the height OX = h; 
m= phy Wa 5 we Ahaing 


XVIIL Truncated Cone or Pyramid.—Height of portion teum- 


cated = Mi, 


D.—Pontions ov 4 Sruere. 


XIX. Zone or Ring of a Spherical Shell, bounded by two conical 
surfaces haying their common 


at the centre O of the sphere ‘Ge, By 


OX, axis heel zone. 
7, extornal radins 
#, internal, radius i obsha 
X04 =a,halfangleof loss 


=—X0B=4°, creator f 2288 


wa2s"(¢) (mt ons) 


EX, Sector of a Hemispherical Shell—(OXD, fg: 82) ON 
* Visects angle DOO; + DOC=A 4 


3 rt—r't 
= Epp = 


. 
weae (« —#), 





I. Uf the stress is of uniform intensity, 
sultant is the product of that intensity 
and the centre of stress is at the centre of 
Or in symbols, let S be the area of the surface, p 
the stress, P its resultant, then— 


IL If the stress ie of varying intensity, but of one sign; that is, 
all tension, or all ure, or all shear in one direction. 
Tn fig. 83, let A A be the given plane surface at which the stress 
acts; O X, O Y, two rectangular axes of co-ordinates in its plane; 
OZ, a third axis perpendicular to that 
peers bagrss — Saar! at one oe 
the given ne su AA, laterally by a 
pear at or prismatic surface generated M 
the motion of a straight line parallel to O 
ae the oaslits S ES he pieth 
eng 8 aurface B such a ite 
ie 08. may any point shall be propertional to 
the intensity of the stress at the point a of the surfiee A A from 
which that ordinate proceeds, ax shown by the equation 


Conceive the surface A A to be divided into an indefinite number 
of small rectangular areas, each denoted by dz dy, nnd so small that 
the stress on each is sensibly uniform; the entire area being 


8=[ [dedy. 
‘The volume of the ideal solid will be 

v= J [raed Rasidctye poet Serer.) | 
So that if it be conceived to consist of a material whose heayinea 











| 
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and the distance of the contre of pressure from O ¥ is 


_fepyde_ [eyae : 
SG ae : {on eRe @) 


For let the sloping pressed surface be rectangular, like 
asluice, or the back of » reservoir-wall; and in the first instance, 
Jet it extend from the surface of a mass of water down to a distance 

» measured along the slope, 20 that its lower edge is immersed to 

depth x, in # Then its centre of gravity is immersed to the 
depth a, sin ¢+2, and the mean inteusity of the pressure in Ibs on 
the square foot, is 


‘Tho breadth y is constant; so that the area of the surface is 
S=z,y; and the total pressure is 
pao2t atysing 


‘The distance of the centre of pressure from the upper edge is 
2 
Sg lly sesarerbeerennerces UO 
Next, let the edge, instead of being at the surface of the 
Sih, tak fhe Watanen or, Bons 8, 3) an a immersed to the 
dopth a, sin & Then the centre of gravity of the pressed surface 
is immersed to the depth (x, +=,) sin ¢ + 2, and the mean intensity 
of the pressure upon it, in tha on the square foot, is 


P 624 +2 im @ 
Pete, taint 


the area of the surface is (x, —2,) y, and the total pressure on ik 
fee joiner GORD 


‘The distance of the centre of pressure from the line O ¥ is 
2 4-8 
~= 3 ae 
108 Internat Serese of Solids. (A. If, oe 
Ifa be conotived to be divided into two parts by an 
pane eaversing it in any direction, the force 
‘two parts at the plane of division is an internal stress. 





ipal 

Ox atO. £ _85 and 86) be the directions of the two 
principal stresses; O the direction of the greater stress 
Let 2; bo the intensity of the greater stress; 
andr, that of the 


‘The Kind of strees to which each of there belongs, pall or 

is to be distinguished by means of the algebraical signa Ifa 

is considered a3 positive, a thrust is to be considered as ny 

and vice versd. ae ny yore ros id 

stress as positive to which the jpal stress 

Big. 85 ts the case in whi prey are of the 
fig. 6 the case in which they of In 


the following equations, the sign of p, is held to be bes: in 
plied to. is asbmetiest al the contrary top, the 
val 


to its arithmeti oe in compan EP ee 
the is to be reversed. 

A.B be the plane on which it is required to ascertain the 
Psiloc tee iatcailty of the stow and ON a normal to that 
Plane, making with the axis of greatest stress the angle” 

A 


<—XON=en, 
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the vegpet inclination of « plane tothe 
tte ae a given’ eubstelice) WI 


i wile ea 
of friction f= tan ?, and its reci) 
arranged from he eof Gel Moi values of @ 
in a fow com; ive 8 
eee ak erica esate have refecends to tha frig 


Dry masonry and brickwork, 
Masceny ana brickwork with wet martan| 
‘Masonry and brickwork, with slightly) 
damp mortar, | 
‘Weod on stone, 


208} 
Metals on elm, dey, 

Bronze on lignum vit, constantly wet,| 
Hemp on oak, 





4° to ape 
” ¢ 
17? to 2° 














ims 


ab of tebe Be Ry the tre 
pressures or reastances of the props 
{and in the sae plane with Fa 


the dis 
other two; and the load is equal to the 
ing presiures; that is to say, 


Soe ae 
and P= Ry + Ry eeecssessonseseesaneen() 


Case IL.—Let the load act beyond the points of support, as 
ae 89, which represents a cantilever or pro- 
; beam, held up by a wall or other propa 

ae jd down pies in a mass of 


In these examples the beam represented as Horizontal ; but the 
poet hold were inclined. 
forces Ry, 


Tic now iodine iat ef tia ane 
us in fig. 90, ‘This cage is that 

of the equilibrium of three forces treated 

of in Article 93, bees 

the following to it— 

‘The Tine lines brie 
forces and of the resultant of the load mmst 
be in one plane. 


must intersect in one point (C, 








114. wrames ef Two Bara. (4. Jf, 145-6.) — 
93, represent cases in which a frame, of two bars 
at the point L, is loaded at that point with a given 


au} tho connection of the bars at their farther extremities, 
4 sere bodies. It is required to find the stress on each 
har, and the supporting forces at S; and 8 
Resolve the fad. P (as ine Article 94, 
ts, R,, R,, acting along the; ive 
Ee” Hiden components: ace On lot borne by the two bars 
Jane to which loads the supporting forces at 8,, S., are equal 


Mho syrbolteal expression of this solution ia as follaws:-—Tat iy 
be the ive angles ruade by the lines of rexistancd ote 
with the line of action of the load; then 
P:R, : Ry: : sin (i, +4) : sing :sin 4. 
‘The inward or outward direction of the forces acting along each 
oe Sine ie Sree 66 Uirast ce 8 Yall Al 
ora tic, as the ease mny $3 represents the case of two ties; 
0B, that of fwo strate (euch oo a of rafters i 
93 that of a strut, L'S,, and s tie, L 8, = 


£28 into two com- 
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parts sana tees tae tee eat 
ance & more term 5 
is a pull in some parts of the frame, and a thrust in others 
In fig, 94, see caiuaeryy sy If tho frame were 
exactly inverted, forces wou! same proportions to 
each other; but A and C would be ties, and Bs atrut. 
Reppin 


us follows:— 
ie doglea of iontoation of the bag 
iz, in general, toa horizontal line); 


Joad O A 
Horizontal Stress OH = 5 ana” seer | 


spot (422 8 tea 
ha ign { +} ee recta } ee eee a 
OA=OH- wea 
seem | B= 


} aaa 


6. Eeerasant weame. (A. 1, 150, meer 97, let A, B,C, 
D,E,be co of reeistanceof die 
< Peep pyran s > 
at the joints, whose centres of 
at 1 between A and 


je, _ tides of the polygon ‘will represent a myatetn 
Fie 98. whick, being applied to the joints Of Cheit ena al 
balance cach other; exch wach force being applied to the 
between the bars whose lines of resistance are parallel to the 





ingles of inclination of the bars Dand A 
ively. 
R,=0D and R,=O A be the stresses along them. 
A D denote the total load on the frame; then, 


= one eee 
R,=H-vecé,; R= H sect, 
118. Pelygonat iemaliemae (4. M6, 152.)—The 


instability of a pol ae on the principles 


bo fort datas tirapeie 
be ond ite ea and 


For example, in 
©, and D, are strui 
therefore unstable. 
But these strats 
by means of stays; fe 
T with 4, and 3 with 


2 with 5 and 
‘The frame, as a whole, is unstable, as being liable to overtum 
laterally, unless provided with stays, connecting its joints 


wame effect ight be: produced y 


atable without being stayed. 

An open polygon consisting o! tee, sack da ead 
and D, when inverted, is called by mathematicians, a funicular 
polygon, because it may be made of ropes. 

It is to be observed, that the stability of an unstayed polygon of 





Joints, 1, 3, 3, 
Polygons, EA ace B; ABGA; BcbB; DdeD; DEeD. 








c— 
Fig. 105. from 
tangents to the chain, A P and B P, meeting in P. 
ae ee eerems the pois aad trae 
al chain at those two points respectively; 
fapetively ect-sloag the tangents AE. BP: 
eran ene Asan Bele sions terete . 
of the tangents at A and B; and that load, and the tensions on the 
chain at A and B, are respectively proportional to the sides of a 
i jel to their directions. 
in under Vertical Load—Curve of Equilibrixm.—If the 
direction of the load be everywhere parallel and vertical, draw a 
vertical straight line, C D, fig. 106, to represent the total load, and 
from its ends dmw CO and D O, parallel to two tangents at the 
points of support of the chain, and meeting in O; 
thove lines will represent the tensions on the chain 
at its points of support. 
Let A, in fig. 105, be the lowest point of the 
chain. In fig. 106, draw the horizontal line O A; 
this will represe: i 
tension of 


H=0 A = horizontal tension along the chain at Aj 
R=O0B= poll along the chain at B; 
P=AB = load on the chain between A and B; 
i=.=X PB (Gg 105) = — A O B (Gg. 106) = inclination of 
chuin at B; 


PaVtan i; Ro (P+ HY) =H eee ieveeee(L) 





Solon, until the.” funioular polygon” A 4 
thut polygon is composed of tangents to the 
librium, to which an approximation may be drawn by 
curve 0 as to touch the sides of the polygon. 

125, Chain under an Uniform Vertical Load—Surpension Bridge, 
(A. A, 169, 170,)—By an uniform vertical load. is meant a Joad 
uniformly distributed along a horizontal straight line; so that if 


2 ¥ © 
i 
| | A IN, 
eS Re ae 
Fig, 102. 


A, fig. 109, be the lowest point of the rope or cord, the load suse 

ed between A and B shall be proportional to AX =r, the 
estecetal distance between those points, and capable of being 
expressed by the equation 

P=pzx;. 

where p is a constant quantity, denoting the intensity of the load in 
units of weight per unit of horizontal ‘4: in pounds per lineal 
foot, for example. 

Tn this case, because the load between A and B is uniformly 
distributed, its resultant bisects A X; also, the tangent BP bisects 
AX; and the curve assumed by the chain is a PARABOLA whose 
vertex is at A. 

‘The proportions of the load, and the horizontal and oblique tens 
sions are as follows :— 


P:H:R BX:XP:P 


uples of Suspension Bridges 
in a bridge of that class the load js 
De being hk by ous Ieee eee 





190 
‘When y, =ys, those equations become 


u=f%, R=R=wy(1+ 84)... ay 


Pronie Fourrn.—(iven the same data asin Protlem First, to find 
the length of the chain. 

The following are two well-known formule for the length of a 
parabolic arc, commencing at the vertex, one being in terms of the 
co-ordinates 2 and y of the farther extremity of the are, and the 
other in terms of the focal distance m, and the inclination ¢ of the 
farther extremity of the arc to a tangent at the vertex. 


sau (v+% se 
3 


=mftan i: sec i+hyp. log, (tan ¢-+ see df... (12) 


‘The length of the chain is 2, + 2., where s, is found by puttii 
and y, in the first of the above formuln, or ¥, in the second, = 
by putting ay and y. in the first formula, or ty, in the second. 

Tie following approximate formule for the length of a parabolic 
arc is in many cases sufliciently near the truth for practical 
purposes: 

(13) 


Peostma Firrn.—Giren the same data, to 


fad, approximately, 
the small elongation of the chain d (8, “+ required fo produce a gem 
small depression d y of the lowest point A, and conversely. 





pip:q::OH: 0H: EH::1:sej: tanj... 


Next, instead of considering the load on one rod BX, consider 
the entire vertical load V between A and X. 

Let P represent the amount of the pull acting on the rods between 
A and X, and Q the total thrust on the platform at the point X; 


V:P:Q::0H:CE: EH::1:secj: tanj... (2) 


ii i eee 

BP; and the ratio of the oblique 1 

H slong the chain at A, and tension R along the chain at B, 

ia that of the sides of the triangle BX P; that is to say, 
PiH:R: BX XPLAS BPS) 


‘The curve CBA ina bola having its axis parallel to the in- 

Pore enll So cation referred tobi: ee 
nates, the origin at A, is as follows. Let AX=a, XB=y; 
then, 


= 
9 oi cae! 


Article 125, denotes the focal distance of the pars- 
the equation 








following formule :—Let i denote the ee 
at the point B to a line perpendicular to its axis. Then 


teare-cos (F) (HL) 


which, when B coincides with A, becomes simply f=j Then 
from the known formuls for the lengths of ‘arcs, we have 


parabolic are A Bm { tan fsc0i—tan 20 


+hyp. log. ——.—. 


ane weeen(12) 


In most cases which occur in co however, it is sufficient to 
use the following approximate formula 


tan ea 


Peay aap MOY oe (1B) 
‘The formule of this Article are ses este iy to Mr. Drodge’s sus- 
pension bridges, in which the suspending rods are inclined, and 
although not pray parallel, are nearly #0. 
127. Deflection of a Flextbie Tie. (A. M., 171.)—Let a vertical 
Toad, P, be applied at A, fig. 111, and sustained by means of a 
horizontal strut, A B, abutting 
pier at B, anda slopin, Tope or or 
other flexible tic, A D ©, fixed to the 
top of the pier at C. "The weight of the 
strut, A B, is supposed to be divided into 
two components, one of which is 
ported at B, while the other is 
in the load P. ‘The weight, W, of the 
flexible | tie, A D C, is to be 


ar A B=ar+y~ sinj+ 


cist Wi ual ampaied with P, the curvature of the tle 
will be small, and the distribution of its weight 8 horizontal 
line may be taken ax approximately uniform; th its figure 
will be nearly a parabola; the tangent at D will be sonsibily parallel 
to AC, and the tangents at A and C will mectin a point which 
wil) be near the vertical line E D F, which lve bisa A Genial ek 








oman: $a (1+ fet tiatte 


Purabola; 9% = 2; 
z= mm’ 


Catonary; [yd = ma (1+ 4+ py he); 
Parabola; [yds=me(1+ 5=3); 
aeeoarys s=2 (1+ ot ppt ee); 
Parnbola; =a (1+ =" _+ac). 

in mind that the quantity denoted by min 


is of that denoted by min Article 125, 
The following table exemplifies their results for the case 2 =n 


93395 rord6 
03333 TOI85 


ob. orcoor | 


‘The Catennry of Uniform Sirength is the figure assumed by a chain 
loaded in any manncr, whose sectional ares at cach point is 
tional to the tension. The figure assumed by such a peter a 
foaded with its own weight was investigated by Mr. Davies 
Gilbert, in a paper pablished in the Philosophical Trunsnctions fae 
1826, ‘The Reverend Canon Moseley, in his Mechawics of Engineers” 
ing and Architecture, has investigated the Sgara of the catenary of 


ual strength when the chain ix loaded with suspending reds and 
meithen, evel as with its own weight, Tho neaeen ion 
are of great complexity when in their exact form ; but Mr. 
shows that in those cases which occur in practice the 
forms a close approximation to the trae curve, as it does in the cxse 
of the common catenary. . 

Under the head of “Structures in Iron,” it will be shows how far 
it is useful in practice to take into account the peculisrtios of the 
catenary of uniform strength. 





sue en repel ion Be which Se iegereeee vertical line, 
in length and direction, so that we ely aa 

9 ys PP 5 cossecccesssnenssersesed(e) 
but for each horizontal co-ordinate =, let there be substitated a 
horizontal or oblique co-ordinate 2, inclined at the jt the 
Bort (rich ay = 0), and altered in longth by constant 


z= ‘Then for the horizontal tension H, there will be 


ere ees § tocisootal oc chllqns: renin eee 
altered in the sane proportion with that co-ordinate; that is to say, 


w#=o2; H=ak .......csne) 


ef tension at B is the resultant of the vertical load P 
and the horizontal tension H, Let R be its amount, and ¢ its in- 
clination to H; then 

R= 


P:H:R::tand:1:scc¢::sin¢: cost: 1......(L) 


Let BR’ be the amount of the tension at the point Bin the new 
structure, nding to B, and let ¢ be its inclination to the 
horizontal or oblique co-ordinate a/; then 


Ray (P?-+H?=2 P Wain). 
PH: R's sain if : 008 (i =t)): 008, 
‘The alternative signs = are to be used acéording as # and 7 


{ +} ia direction. 
Fa te me unit 
dz’, whether horizontally or obliquely, ts t 


pail 2, eR RT ri: AT) 
jiqne, and the intensity of the load be estimated per 
length, it becomes 


pucj=—P 
o0ag 
: eatenary. Tt has Stats ene ap 
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it, wl Se ere Sa ee foot, is a 
baba elie 


Tapr. Pierre 


pressure p, if not actually caused by the 
a fluid, Dee wal ee and it is equivalent to 


Pressures in any two directions 
For exam i es been 


‘ofthe 


and the same is true for any of rectangula 
P be the total vertical Bag 
sure, exerted upon one quadrant A B of the circle, we have 


He PS Tap teiices 


154. EMipticnl ibs for Uniform Preseures. (A. M., 180.) —If « 
linear arch has to sustain the pressure of # mass in which the 
of conjugate thrusts at each point are uniform in amount and 
tion, but not equal to each other, all the forces acting parallel to 
any Biven @irection will be altered from those which SA. in a fluid 
mass, by a iven constant ratio; so that may represented 
lel of the lines which patti fe. forces that: 
Hence the figure of a linear arch, which eus- 
system of pressures as that now pacer ane ee 
railed projection of a circle; that is, an ellipse, To investigate 
the relations which must exist amongst the dimensions of an a 
linear arch under a pair of conjugate pressures of uniform i 
let A’B' A’ BY, B' A" B', in fig. 114, represent aliptie ribs, trans 
formed from the cireular rib ABAB by 


See the circle af right 
oo rela rae er ae 
‘the ellipse, as C that is, diameters 

ton tangent at the end of the other. 
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The is the algebraical of this solution: —Let 
A fete ene ol § Gn nian en a 
o 


As H{ Ml 4842-008 j)+ Al+e—Be eens} 
a 
BaF { Jl+e+2e-cosj)- l+e-2e-ep}s is 


'The angle = B' O' p, which the nearest axis makes with the 
diameter C’ BY, is found by the equation 


3 Bo /(at—e@st) AL /(BR-e ry 
sin BO'p= Py / (NaS) o An / mee) 
according as that axis is the longer the shorter, 
156. Ribs for Norma! Pressare—Iydresentic Ave. (4. Jf, 182, 
<= “185, 319 4.)—The condition of a linear arch of any atany 


point where the pressure is normal, is similar to that of a eirenlar 
rib of the same curvature under a pressure of the same intensity > 


and hence the sae cere ithe thrust at any normaly 
pressed point of a rib is product of the radius of curcatuere by 


sntensity of the pressure ; that is, denoting the radius of curvature 
by ¢, the normal pressure per unit of length of curve by p, and the 
thrust by T, 

Taig onceeccastensecuvesrgee rene {uy 


It is further evident, that if the preanure be normal at every point 
of the rib, the thrust must be constant at every point; for it can 
vary only by the application of a tangential pressure to the arch ; 

the radius of curcature must be inversely as the 

AE ba inthe 1 ATO ARE, vo Se 
or rib suited for sustaining pressure at il 
tional, like that of a liquid in repose, to the depth ar re 
horizontal plane. 

‘The radius of curvature at @ given point in the hydrostatic are 
being inversely proportional to the intensity of Sie eee is also 
inversely proportional to the depth below the plane at 
which vertical ordinates representing that intensity commence. 

Tn fig. 116, let ¥ O Y re coon Sa SF surface from which the 

increases atan uniform rate downwards, so as to be si 


eee Reece ee acd Having surface at YOY 
A be the crown of the hydrostatic arch, the point where 
nearest the level surface, and come horizontal. 
ordinates be measured from the point 0 in the level: a 
above the crown of the arch; so thatO X=YC=zx 
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toBAB. Its coils, consisting of alternate arches and loops, all 
similar, follow each other in an endless series 

Te is obvious that only one coil or division of this curve, vis, 
from one of the lowest poi D, through a vertex, A, to @ second 
point, D, aeayeasle, Sr: figure of an arch; and that the 
portion BA B, above the points where the curve is vertical, is 
alone available for supporting a load. 

Eerie cess ep cena of Nie ke ‘The vertical load 
above the semi-arch A B is represented by 


R= wf" NBD Y fs ccscsesssasnsatnennes seep 


and this being sustained by the thrust T of the arch at B, must be 
equal to that thrust; whenee follows the equation 


‘The vertical load above any point, O, is 
Paw f"ady=Tsint; 


# being the inclination of the arch to the horizon. 
‘The horizontal external pressure against the semi-arch from B to 
A is the same with that on a vertical plane, A ¥, immersed in a 
uid of the specific gravity 2, with ite upper edge at the dopth zy 
rere Article 107, p, 166); and i: ie be Raine oa 
thrust T st the crown of the arcl, oo that its amount is 


Haw [") “pdm BSF aap nme) 


Equation 7 gives for the value of the vertical tangent ordinate 
B 


x, = JRF ine - 8) 
Sie erase extereal preeware bet een 2000 Sey ea 


equal to the pressure liquid of the specifi wona 
Pe Gial pleco wih ie anes ole onset oe a | 
Sr atte rosea te 


r SE 
wf ipde=w: BSE cont, ncsonesel il) 








ae 
5 


a 


of the material, and other circumstances to be 
uel. In what follows, mtal or slopi 


plane. 
eis Pe denote the intensity of the vertical 
0) ure, at jiven 
the’Ggure of u hydrostatic arch suited to eosin f 





2l4 MATERIALS AND STRUCTURES 


ar AC. A draw the horizontal line & ¢, 
then 0c = T will bo the thrust along the rib at C, 
the horizontal component of that thrust, will be the total 
which must be exerted against O B, the part 
as follows > 


G. 
eee eee Ree 
origin of co-ordinates in fig, 119, take any convenient 
the vertical linc O A traversin; ipo eet ao 
OX=YC=zon0Y C=y be the co-ordinates 
int C; so that if ¢ is the inclination of the arch at C (and 
0 cin fig. 120) to the horizon, d y+d = cotan & 


H= P42 — Peotans; T= FIP =P comes (1) 


Prosren I.—To find the thrast at the crown of the rilk 

The preceding process fails to give any result for the erown of 
therib/A; but the principle of Anticle 1 }. p. 204, shows, that if 
LN ry eed a ‘dy, the intensity of the load, at that 
point, the horizontal thrust is 


Let © (fig. 119) be a pi 
whose co-ordinates are # 4 
of the horizontal layer C EE 
120), draw o¢’ parallel to 
Yertical scale of loads take 


odind. Thnog = is 
, the horizontal 


= aS =-5 2 (eg2) caeetae 
ee dik ener 
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‘has Intely 

Been pie te ee 
a 8 int as at least its 

horizontal isaet ean of the ieciental pee aot 

thrust along the rib at that point, Such a rib is said to be 


Let i, denote the inclination to the horizon of the rib at ite 

api: int, and P, the whole vertical load from the crown to 

sd bee point : then the horizontal component in question is 

P, cotan ¢,; so that Hy — P, cotan ¢, is the part of the greatest 
horizontal thrust which is disikibuted 2 through the spandril, 

Pnonuem V.—To find the position of the resultant of the 
maximum horizontal thrust, 

From the point of rapture D down to the springing, conceive the 
spandril to be divided into horizontal layers. Let d w denote the 
depth of any one of those layers; p, the intensity of the horizontal 
pressure exerted by it against the rib ; 


#; the depth of its contro below OY, fi 195 
4, the depth of the joint of rapture Below O ¥; 
#,, the depth of the springing-point below OY; 


Then, wy, the required depth of the resultant below OY, may 
be expresed in either of the Following forms :— 


[mean [Ben de+'s,P, cotmy 
qs ee eee (6) 
Hy Hy 





Example 1.—In tho Catenary and bilan i and 
other Ste ecuilitentod under vertical load: 


Hy =P, cotan iy 5 = tty sssssmeeernne sas(8) 
Example U.—In a Semicivoular Rid of the radius r under watjorm 
coordinates 


normal preasure of the intensity p; let the origin of 
bo at the crown of the arch, 2 
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snd P, the vertical load at the springing, and let the rest of the 
notation be a3 in the hast exam 

‘Let the angle of rupture be found as before. 

Case 1.—i, > or =4,. 


Hy =P, cotan é, ; sq =r (1 — 008 &)...00+4.-(13.) 

Case 2.—i, <i, Find H, and p, as in Example IV. ; then 
1 i, ; 

= fre [pint (1 —con di + r Peotan 


a (4) 
G—casy 


Examriz VI.—Semi-elliptic Rib, with a horizontal extrados. 
Conceive aysemicireular rib whose radius is equal to the rite 
the semi-elliptic rib, and extrados at thé same height above 
exown, and find Hy and 2 for the semicircular rib a3 in Example 
IV. 2, for the semi-elliptic rib will be the same; and the thrust 
a peed by the principle of transformation, as in Article 
134, . 

Me best form, however, for oval complete ribs is that of Ee 
liydroetatic arch, which sutficiently resembles the semi-cllipse to be 
substituted for it, 

139. Pointed stib—If a linear arch, as in fig. 121, consists of 
two arcs, BC, CB, mocting ina point at G, itis 
necessary to equilibrium that there should be con- 
centrated at the point C a load equal to that which 
would have been distributed over the two arcs 
A ©, GA, extending from the point © to the 
respective crowns, A, A, of the curves of which 
two portions farm the pointed arch, 

Under the head of “ Masonry” it will be shown how and under 
what circumstances that concentration of load becomes unnecessary 
in stone arches, 

140, Stapitty of Btocks. (4. 3f., 205, 206.)—The conditions of 
stability of a single block supported upon another body ab « 
plane joint may be thus summed up:— 4 

2B pact! tho epporing boty, of nj 
\¢ supporting ac 
c pat of pressure, P C the pedir 
the whole pressure distributed over the 
Xx ; 


conditions of stability are the following>— 
Fig. 122. T. In order that ve Sock: agiuce aaa 
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Inst is usually the atmospheric pressure, of 147 Tbs. on the square 
ar 


and the proper proportion of thickness to radius is given by the 
formula, — 
ra aston rere i. 


151, Spherical Shetts, such as the ends of “ egg-ended” cylindrical 
boilers, the tops of steam domes, do., are fwies as strong as cylindrical 
Sapp al te Spee oe! ca hsb 

hu} a a ire of a a sphere a 
eiroalar flange rand ite fay shrough wok it is bolted to flange 
upon # cylindrical shell, or upon another spherical shell. ; 

Let r denote the radius of the sphere, in inches; 4, 

sean radius of the circular base of the segmental slell, ia) 
inches; 

Pp, the bursting pressure, in The. on the square inch; 
then the number and dimensions of the bolts by which the 
is held should be such, that the load required to tear them 
all at once shall be 


31416 72 p; MOP 


and the flange itself should roquire, in order to crush it, the follow= 
ing thrust in the direction of a tangent to it:— 


If the segment is a comploto hemisphery, # =, and be Lay 
ex a: m becomes = 0, sg 5 5 
‘Thick Mollow Cylinder. (A. M,, 273,)—The assumption 
Toe ana (A sie potatoe a 


ternal radius of a thick hollow cylinder, 
a hydraulic press, the tenacity of whose 1 
fs f and whcas Bessting einer ‘Then wa 


must have 








B being two co-eflicients whose relations to E and D are 
the two following pairs of equations :— 
ED(D— 
e—ED— 


B= 


a @) 


ae A? D_A+B 
E=A—jp pp D=A=2B+ 35 9 = @) 


feight,” as applied to a given modulus, whaler of pillinar aa 


A te the co-eficient of elasticity dedaoed from experiments om the 
ca a which © fn rescy of sound in fet pa beech nad er eg 
* 
“eabie fot ofthe bedys © 


A In in oo the squire hot = 2 


the transverse dimensions of are narrom, thia formals, 
esse aloe of A asd Ut ef : ee 





Figure or Cnoss-Secrtox. 


{LT Rectangle, 40; &, neutral axis, 6 
TZ. Square, A, .... ¥ 
8 


ge 

saad — KI) 
6k 

say 2 


VAT. Circular ring: diameter, ontaido, h; inside, woe 


V. Hollow rectangle: ontsidedimensions, h,b; 
inside dimensions, ji, 8; neutral axis, }, 
‘VI. Hollow square, h® —W3ccccssssscesenseesees 


Tt is often advisable, especially in masonry, 20 to limit tho 
deviation of the centre of pressure from the axis of the pillar, that 
there shall be no tension on any part of it. This condition is 
fulfilled when the least pressure is positive, or nothing, and the 

it streas nob more then double of the mean stress, so that 
= f'8+32; and consequently, when : 
I 
taal an Shas va EE: wena) 
Tp ana’h Chee 
*® the reciprocal of the quantity of whose values examples bave 
just been given. . 

‘The modulus of resistance to direct crushing, as the tables sliow, 
often differs considerably from the tenncity. The nature uni 
amount of those differences depend mainly on the modes in whickt 
ae pening ake pace ite. brie Claased as Resi 

rushing by splitting (fig. 121), into a num! nearly 
prismatic fragments, cpeeiat by smooth surfaces whose genenil 
direction is nearly parallel to the direction of the load, is charnaters 
istic of hard homogeneous substances of a glassy texture, sueh ai 
vitrified bricks 


Fig. 126, Fig 126, Pin 1A, 
IL. Crushing by shearing or sliding of portions of the block along 
oblique surfaces of separation is charucterstio of substamens af = 








wiatntlws 


F=P,—2-W;...(4) 


80 that the shearing forces at a series of sections can be 
subtractions or successive additions, as the case 


& continuously distributed load, these equations become 
ys 
Ina bean supported at both ends, F = P, —["redas(6) 


In seam fixed at one end — P= [wd 25 ..(0) 


in which expressions, z’ denotes the distance from the origin A to 
the plane of section. 
¢ symbol — F denotes that the shearing force is downward. 
‘The Greatest Shearing Force acts in a beam supported at both 
ends, close to one or other of the points of support, and its value 
Sean Tas team fixe! ot cecal ae 
force on jocting acts cl to outer point 
yeaa valas is equal to tp entre ed 


ee Sihaen 

Se the products 

inex end. of tho first divisions ae 

tbr products suncemtively, there are obbained 
moments at the inner ends of the other 


That ato say,—bending moment, 


ia 


the samo with that: 
‘to compute the strens: 








y nape 
We hearing f dM, MY, th pane : 

‘ing forces, and M, the ing moments, 
east nicilarty eitanied in the:owo Leena, as 


w:W Deere tac tt | 
Grp. Grp. \ ieee srey ye cl 
Secondly, Let k and m be two numerical factors, 


depending on 
"Sy hi bine et peers esc 


u 
ia and the position of the cross-section under consideration; 


FokW;... 
Msi W lisscsesscersisaesseen lO 


Loads uj beams are stated either in pounds, hundred’ 
‘or tons; each of beams, in feet, or in inches; and pret 
tho units of load and length employed, the unit of bending moment 
je a an ieee A i ig Me inche 

jundredweight, a foot-ton, or an inch-ton, a8 the case may 

re prraptlanegrl let of beams are expressed in inches, 
and their moduli of strength in pounds on the square inch, the 
most convenient units are, the pound, the inch, and the incle — 


pound, 
The following is a comparison of different unit of bending 
moment, 


Toch-lhs. 
2= 
12= 
1344 => 112 a= 
2240 1865 20 1$= 1 Inch-ton, 
a688o = 2240 = 240-20 = 12 =1 Foot-ton, 


161, Exnmples of the Action of a Trameyerse Lond om 
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oroqacae 


exoq fae 


























tuion mn jo peo Tepe TA 


eM = afm 
“Uy JO Poot WCHUD “TA 
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‘then rolls off again at the other end, Te ix to 
shearing force at any given section, and also the 
it. 
Force at a given cross-section occurs when 
segments into which it divides the beam is 
welling Jond as well as with the permanent 
shorter loaded with the permanent load only. Let 
force, and « the distance of the section in question 
nearer ond of the beam; then 


This formula may be rendered somewhat more symmetrical by 

ing the middle of the beam, instead of one of the ends, as origm of 

fi . Let af, then, denote the distance of the section in 

question from the middle of the beam, and c=! 2, its bulf 
span; then x=c— 2’; and 


Paws +eerey 


wa etv)sG—9)_ @ty) ¢= Tw) 


principles aro represented phicaly 
In fig. 131, Lo A Berea ee 
in, Through A dw DAE 
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angular beam, supported at the ends, and loaded at intermediate 
Wk sting af to tf cares 
Nass | cach ober at 
Fig. 184. of direct ‘thoge convex down- 
Sra otk ea 
Diineyone tistecie Soca ec 


be pa orienta se on 
consider the shearing action of the load on a beam. 
_ When a beam breaks under the bending action of its load, it 
sled? aes crushing of the compre i, A AY or 
Ey the tang of ec stretched side, B 


w is forced. B represents 
2: 


Sd Peitenee f'n been to bonding and Oe ee 
given cross-section is the moment ee the couple, eee 
the thrust along the Jongitndinlly-comproseed layers, and 
Tre and opposite tension along 


‘Article 106, p. 163), its intensi thiag cnr 

i ak art 

ee eS ean a beam 
stented id 


eet eee 
distance of that layer from 
the stress is uniformly 








Lope are Exawples of Moment of Reststnuce—Ths 
contains examples: of the values of the factors a, m', 
equations 3; 4, and 5:— 


IIT. Hollow rectangle, 54—U W’; also 
Toformed section, whore 8 is 
tho sum of the breadths of 


VI, Toacln henge; bas, bight 
‘Ay gy meawurod fom susait, 


» _ Tho following examples are not well suited for introduction tite 
the tables:— 


Bxamrre VITL—T-formed section. 


Flange or table, .. 


Totals, A, +A g=A 5) hy +higeta, 


Ereaet Sobustion—Dintance of the neutral axis from the 
thé vertical web,— 
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M,=8 { 60,000 A, +140,00022 | 
=K { 20,000 .A,—40,000 2} fT) 


Case TIL f, lees than f,, beam T-shaped.—Here the is 
Paeaad oe ah nereeet Dicer tin Leone eal te ose ee 


‘The Moment of Resistance of this cross-eection is 
-Ch-f. 
u,-Chof 
Case IV. f, lees than f,, beam double T-shaped.—The area of 
the stretched lange being A,, that of the compressed flange should 
be as follows:— 


Aa La tt Agtevissnd 


when the Moment of Resistance will become 


My= {ha,+@ 4-203} 


=# {x A+ @h-f) $it vstooen EE 


In designing « beam to bear a given bending moment, the depth 
Hi ard area A, of the vertical web are to be fixed by considerations 
of practical convenience, when equation 11 will enable the ares 
of either or both of the flanges to be computed. 

Ezample.—Suppose that for a certain sort of wrought iron, 


f.= 36,000 Ibs. on the square inch 
HA=60,000 , » » » 


#0 that in a well-proportioned section 
8:3: 
Then ina T-shaped section, 
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the weight of the beam from that provisional Ireadth, and let it be 
Aenoted by B. Then awe wy B the proportion in which the 


ech ep 


Ba, W 


beaten Be (hy 


‘beam will now be strong enough to bear both the proposed 
Seto eed Ws no is core sag ht witch will newbs 


Be yey (2) 


and the trae gross breaking load will be 


: aw? 
Weis, W 8, Bo yep cnr) 


As the factor of safety for a steady load is in general one-half of 
that for a moving load, 2, may be made=24; in which case the 
preceding formule become 


In all thess formule, both the external load and the 
of the beam aro treated as if uniformly distributed—a - 
which is sometimes exact, and always sufficiently near the truth for 
een or reree: Artie 
load of beams of similar figures and proportions, 
“aly Trend and ouaro of tho depth directly, aad Ase 
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Exawerz TL—Cast iron beam of uniform ‘T-shaped section 
of equal strength (as in Article Cant ast 


Ay= $A; A=g and A= 3A. 


WR pws, Uz ee 
Mya eg ES wa BS 
‘As bofore, B= 0-257 1A; 
Let f= 80,000 Ibs on the square inch = 753 then 
4, B_ Lin inches 
w= — ease 74 a 
L, = 6,456 inchies = 538 fests 
also, : 
65624 SATE Wy eB: We nereen(lB) 
Examrre I1.—Cast iron beam of uniform double T- 
rection of equal strength (as in Article 164, Case IL, p. 257). 
A= $A, +4 Ay; ARG Arto AL 


= Wap (fasta) 5 + wath (fa, +8.,). 


In order to obtain a definite result, some proportion must be 
assumed between the area of the upper flange A,, and that of the 
vertical web A. For the sake of illustration, let Ay = Ay + 25 
which proportion is not unusual in practice. Then 


A=5A,=10 A, =" Aj; and 


KKA(T .4\_19 fKA 
wal¥* (5+) -B oa 
As before, B= 025724. Let f. = 80,000 Ib. on the square 
inch; ¥ 1, 
5 p= ype then 


er 


L=8,762 inches =730 feet nearly; 





also, 
11,840: f: i) 2B: Whee (2h) 


- 168. Distribution of Shearing Stress Im Heame a ES 
fl Tt has already been shown in Article 160, Division 
the greatest amount of the shearing action of the load at a given 
eross-section of a beam. Let F denote that amount, A the ares of 
tho cross-section at which it acts; then 


Mean intensity of shearing stress = 7 aah) 


The distribution of that stress over the cross-section is such that 
is & is greatest at the neutral axis, and ly diminishes 
towards upper and lower surfaces of beam, where it 
vanishes. That greatest intensify is found by the following pro- 
cess :—Conceive, as in fig. eI 
section to be divided into thin horigatal layers, sach ax Os | = 
v-lcmspertind fa tgiegnd niet Rapin)" 
neutral axis; also let 2) be the breadi therm ction ha 
neutral axi I the “moment of inertia" of the 

defined in Article 162, p. 252; y, the ‘tiance Sosa Ce Saeed 
Scis'fo ether tho upper” br the wedlor norfees Of Abe beans Taal 
required greatest intensity of the shearing stress. Then 


= fc f Hy 8d ¥en eee 


The symbol [" denotes that the integration or summation of 
the products ys dy of the area of each layer into its distance from 
the neutral axis, is to extend from the neutral axis to either the 
upper or the lower surface of the beam, that integration being 
thus performed for one only of the two parts ito which the 
neutral axis divides the cross-section. It is a matter of convenience 
only which of those parts is chosen, as the same result is arrivesd at 
in either case. 

The maximum dine san tateoathe ake ialloteneoee 
cross-section exceeds the mean intensi the following: pro- 


portion :-— 
Bt a [iy ed ym (3%) 
‘@ ratio depending solely on the figure of the cross-section. 








proportion may be convenient, and draw a curve 

of small cireular ares with the diminished radii. 

ratio that the redii, as compared with the horizontal scale of the 
ing, are diminis will the vertical scale 


Sree IL—To find the slope, or inclination of an ory 
steaight longitudinal line in a beam to its original 
solution of this problem depends on the principle, that 
of slope at two points in that ling, is te product 
between those points into the mean curvature of the portion of the 
between them, That is to say, in symbols, let d a denote 
of a portion of the lino, l +7 its mean curvatur, @é the 
erence of slope at the two ends of that portion; then 


Let # be the slope of the beam at the point taken as 
of co-ordinates; t, the dope at a point He distance 
origin is 2; conceive the distance 2’ to be divided into an indefinite 
number of small parts, the length of each being d x; compute 
‘equatia —itato gh y Slee papel reed gC 


the successive differences of slope; sum or in! results, 
and the final result will be the whole diference ety eaa Sa Aa 
at the origin and at the point x’; that is to say, 


(t) 
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m being the factor already lained in Article 161, 1, 
eee erees SEE et Ginn ee ne eee 
an he 
Srer IIT.—To find the Deflection. By this term is to be under- 
stood the depression of the lowest point below the hit point ofan 
originally sraiphthoriontal longitudinal line in beam, 
t da be the distance between two points in that line, ¢ the 
mean slope of the line between them, and dv their difference of 


Assume any fepranteal elas in the line in question as the 
origin of co-ordinates; let « be the distance of another point from 
it; conceive that Carried es into an indefinit frbpes es 
of small parts, the length of e it @; compute, 

step of the pro Sho slope of oacls of thoes dl yieeanayaalae 
equation 9, the successive differences of elevation of their ends; 
the sum or integral of those results will be the elevation or depres- 
sion of the point 2 relatively to the origin, according as it is postive 
or negative; that is to say, 


‘= [oid eeennannn wuns(10) 


This equation finally determines the figure assumed by an 
igivally straight longitudinal line in the beam. 

in tho two cases reprosented by figs. 146 and 147—that is, whets 
the beam is symmetrically loaded, or fixed at one end—the most 
convenient point for the origin is still the point of no slope A, and 
the deflection sought is the difference of elevation between 
point and the furthest point D, whose distance from it is, ina 
symmetrically loaded beam, the Aalfepan, t 4%, and in » baal 
fixed at one end, the length of the projecting part, & 
denoting the deflection by w,, 


Tn asymmetrically loaded beam, x = [ i “a Pr 


in a beam fixed at one end, =[iide 


In other cases, the most convenient point for the origin of 
oniinates is in general one of the pointe, OF ag ; the fixity af 
the other point of support, for which » = 0, Ww: give q 
from which #, in equation 4 may be found, and the positions: 
aaea eleretacl ancl cepreesed points 5s r 
dition that for them the slope: = 0, Examplos of pr 
will be given in the sequel. 








80 soon as the extreme depth, and the diameter of the 
longitudinal sections have been fixed; and then 
may found approximately by equation 3 

peed $4 compacting the Penton ultimate 
and to ing; the true 
may be found at once. But when this method i 
, the exact weight of the beam should afterwards be com- 
puted from the dimensions, to test whether the approximate yalue 
is sufficiently near the truth. 
TX. The method of Article 168, pp. 266 to 268, may, if meces- 
sary, be employed to test whether the cross-section at the points of 
shearing force is enflicient to resist that force, 


‘4, af, nid 
227, produces at first double the 


the strain, which the application of a lead 
gradually increasing from nothing to the atnount of the given loail 
would 


OR. 

The action of the rolling load to which a railway bridge is eub- 
jected is intermediate, in those cases which occur in Lary fe 
‘that of an absolutely sudden load and a perfectly gradual oad Tt 
has been investigated mathematically by Mr, Stokes, and experi 
mentally by Captain Galton, and the results are given in the Report 
of the Commissioners on the Application of Iron to Railway 
Structures, 

‘The additional strain arising, whether from the sudden application 
or swift motion of the load, is sufficiently provided for in 
by the method already so frequently referred to, of the 
factor of safety for the travelling part of the load about of 
the factor of safety for the fixed part. 

173. The Resilience or Spring of a Beam (A. If, 305,) is the 
work performed in bending it to the proof deflection ;—in other 
BA energy of the Cicer shock which Lele can bear 

jury; such ene ing expressed product of a weight 
into the height from which it must fall to produce the shock im 

ion. This, ifthe load is concentited at or near one point is 
product of half the proof load into the proof deflection; that i= 
to may, let W be the proof load; then the resilience is 


Ws; 


Poraeee @ 
Hine 


If the load is distributed, the length 
into a number of mall elements, and 
element multiplied by the distance 

















BEAM FIXED AT ENDS 235 


Given by eqetion 1 Artie 109,» 373;in the ads 
= —}): 
‘The points of contrary flexure are to be found in each particular 
case by solving the equation 
BE Wy Dr cscsass-rssaichtieeued (6) 
Examples " and TID. are particular cases of the general problem 


in Example I. 
Exawrre 1. —Uniform section, loaded in the middle 
1 


m= =35 w= 35 


LWi=j We=nfoas | (7) 


‘The points of contrary flexure are midway between A and C, 
Bxaxrin LL —Cniform section, uniformly loaded. 


Wawlatew 


.A(8) 


1 I 
M, =; =y Wh 


‘The points of contrary flexure are each at the following distance 
from A, the middle point of the beam :— 


At 0577 ¢ = 0-289; 


Exiuris 1V.—Uniform strength, uniform depth, uniform load. 
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ha ny ae aa 


Waar 
‘ Mp ck. 
ity 


mee flexure ea 
thickness only to resist the sheari 
The curvature of the beam 


1 OB ml B Ante 


ant radii, horizontal aaa cach other at 

8; erefore those ares are of equal length ; hoe ae 

of contrary flexure B is ed Vetween the middle of the beam A 
and the point of support C. 

It is evident also, that the proof deflection of the beam must be 

double of that of an uniformly curved beam of half the «par, sap- 


ported at the cada without being fixed; that is to say, one-half of 
that of an uniformly curved beam of the same span, supported but 


not fixed; or symbolically 
pe is emer 2 


‘The actual moment of flexure at A must be the same ns in on 
uniformly loaded beam, with the same intensity of load to = W > 
2 ¢, supported, but not fixed at B, B; that is to aay, 


and therefore, the moment of flexure at C is 


3 _3We_3WE 
nfb,M=M, =M,—M/,— > Mo_ Se ; 


6, being the breadth of the beam at C, which is threo times thi 
breadth by at A. | 
The breadth 4, at any other point, whose distance from A is 

#, is given by the equation 


bat (1—42) 5, = (1 AF) ferrnnel) 


In using this equation, tho positive or negative sign of Hie rest: 
morely indicates the direction of the curvature. 
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Consider, now, an adjacent span extending from 
fe hs oe ee 


their lower limits still at the same 


-r=u,(43~") Ay Gay) 


Add together the equations 5 and 5a, and let ¢=T— 
denote the tangent of the small angle made by the neutral layers 
of the two cross wit cork Aberin. scent eas 
tinuity. Then, after clearing fractions, we the following 
ylldce, switch expreaen Che theorem of the thres woreigaet 


O=Myfg,t?+9_P—n, U?—n_f7)—Myglt-M_.¢ 
+m, +m_q_P-Vle—V_ee-wr fe) 


In a continuous girder of N spans there are N —1 such equations 
and N~1 unknown moments; for the moments at the endmost 
supports are each=0. The moments at the intermediate pointe 
of support are to be found by elimination; which havi i 
done, the remaining quantities required may be computed 

span as follows :—The inclination T at a point ee 
ion 5; the shearing force F at the same poit 
deflection v and sen heat te) oes a 
Leberg 

The simplest particular case is that in which the beet is 
uniform, and the piers Serene: Tt may be deduced from 
general formube. renee scene ofthe Rape Soca, 1869.) te 
Raia Nicraver: Sescgpetial tore 

Let fig, 150 represent a viaduct of several spans, ofa 
continuous girder resting at C, ©, ©, &c., on a series of 


Fig. 150, 


piera. The endmost © Eis smaller Leo 
(fpls upon which it inte be determined will peel ts) 





and with the of Article obtain 
“aan processes: 169, we 


Beading Moment M= 


Slope f ossarenenesae= 


Defiection vat. =|1 — 2 wt 1 fetie 
paint . y= le aa nt u 


cd viv 
+n} eos #} 


etie 
ea 





The following cases of these equations are the most important in 
practice :— 
Bending Momenta— 
At the centre D of a lightly loaded span, 
pt eae ed 
S * 48) 
At the centre A of a heavily loaded span, 
wslw . wilw 


Mya tate 


2. 
7 & 


‘Tho greatest moment of flexure will be either My at A, or—M, at 

G, accordi i q it 

feed eines toe ok Bie ara pepe 
Central Deflexions under any load— 


Of. lightly loaded division, f,=(—2 1) 51543 
@) 


OF & heavily loaded division, ¥,=(0+3%4) ape 


ww 18 less than 2 w, the first of these booomes an elewation, being 
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Sern compared with the other terms, reducing it to the 


ds: diode: dutdy dy; 
whence is obtained Lie Yallowing expreetin Te ieee aa 
placement of D relatively to O:— 
d ad 
du=Sede—e a(T) 
Ford ¢ putits valuo acconding to equation 6, and make 945 = 1} 


GY anddv=ide;then 


dua—yy(t +9) da —i9Y da; ATA) 


which being integrated, gives for the horizontal displacement of © 
relatively to B and in a direction away from it, 


fu expression containing the same four indeterminate constants 
that have already been mentioned; and if « be made = /, there 
is obtained the alteration of the epan BB, which may be denoted 


if ‘the abutments aro absolutely immoveable, oe Tf they 
yield, #4, may be found by experiment. Hence, as a inten equation 
of condition for finding the indeterminate constants, we 
u, = 0, or a given quantity. ....cesseeeu() 


A. second equation of condition expresses the  tminobilly ina 
yertioal direction of BY, the further end of the rib, and is aa 


follows :— 
The ea of the arched rib 


teary to three, “One more equation of condita is 
Gequired ; and it is one or other of the following>— 


If the ends are fixed in direction, & = 05.) js 
if they are not fixed in pa ‘7 
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values of the throo constants being found by elimination 
from the three equations of condition, aro to be introduced into the 
for moment of flexure (3) and tho deflection (5), 
‘will now become formula for calculation. 
thrust be treated as positive, and tension as negative, the 
intensity of stress at any given cross-section is to Le com- 
puted by the formula, 


A= 


the positive or tive sign being used according as the moment 
caeaen tho edge of the rib vail consideration, 
whowe distance from the neutral curve is m’ A. 
Medes 2 may te deduced the position of the 
where stress is iteat for a given arral ent of Toad, 
ei sneroact of Toad which Bons that Paeeetaa absolute 
miaximoum, and tho copie Bie of the stress, 
The vertical deviation of the line of resistance from the neutral 
eurve at any point is given by the expression 


M = Hj. wu(13,) 
nud its perpendicular or normal deviation by the expression 


ie <n 3) 


and these deviations take place in the direction towards which M 


acta, 
‘When the deflection is found by direct experiment, the following 
formula may be used to compute the greatest stress from it:— 
da 
H 
vhs = 2a 


‘the second term being similar to the expression in Article 179 a, 


296. 
Pte ix a general method, applicable to all cases in 
which ie vertical, The following particular cases are tho 
Packras Sesox0. Ad of Uniform Stifiness,—If the depth and 
Higum of the cross-section of an arched rib are uniform, and its 
ix at exch point proportional to the secant of the inclination 
horizon at that point; that is, to 





ad ay 
ae V4 9 
fatit hvpad crown, and eS Se ae 


Aad / 140%, ; ra1a/14h jean) 


then the intensity of the direct thrust along the rib is everywhere 
equal, ail ie vertical deletion at cach foint 34’ dia Same Ee 
that of en uniform ight horizontal beam of the same section 
with the arched rib at its crown, and acted upon by the sme 
PST expresed bolieally by introducing the preceding 
symbolically by in’ 
dona into equaticns’4, 6, 813, and 15, wish sow takai 
following form:— 
dv_. Le o*. 
Sai exJ, M dic; s.sssseeeen(hedl) 


dt H. 
£ eo ER (6.4) 
H ft/, dy 2 dy). 
~ wa, [,0+58) 49—[ saz Oa) 
Tn the Pecsenit ase,aa well ‘ea ia al) cssee eae 
si Sas of section are uniform, it is convenient to 


moment of inertia of the cross-section Serio 
ae Article 178, p. 294, by the aid-of m factor gy ml 


‘ Teg w Apion cassette 
(e00 tho table of values of 9, pp. 204, 290); for thus E Ay i 
change 


rendered a common divisor in the expression ($ 4.) for the 
of span, which becomes 


nae (E0498) ¢et oe fae 
fix: ia Hos 


hile jon 12, for th at g 
wi equation, 18, for the greatest street Sh git eon 








MATERIALS AND STRUCTURES, 


y = - i (20) 
‘Whence we have— Yr 


4=—% (32) Regent 
eS Yi f, C08) 4e=tt srs (2h) 


tl y)* Tee 
We further find— 
Si ftaa= fi se JY dv = (bern rp = 0, =0) Sly - 
— fF S65 =-F/, 0d 5 sansoeeer QB) 
being in this case simply proportional to "the area of deflection, 
edz, 


fet tho rib be under an uniform fixed lond, ty Iba. on the 
horizontal lineal inch, and a rolling load of w Ibs. on the horizontal 
Hineal inch; the rolling load, covering the horizontal length pf of 
the rib at the end furthest from the origin of co-ordinates, Toayes 
(1—r)I unloaded, 

Then equations 2, 3, 4, and 5, become as follows:—formuls 
relating to the unloaded division being denoted by A, and thoes 
relating to the loaded division by B,— 


Sumanixc Fonce,— 
(A) FoF, + (Sow) a 
@) rant (HE) 2—w{2—a—ni}; 


Bexpixo Mooenr,— 
M=My-+Fye+ (a —«)F 


(eh) 


(B) M=Myt+Fye+ StF wy) — svean(Sh) 


w{2—(—At P 





Aureration or Siorz,— 
(a) i<wex{ —Mye—hyG— 
ca 
(R) (tottiofictorin bracketsadd-+ 8 {2—ca—ntl"); 


Deriecriox,— 
(A) 


1 a oe 
°=sarex:{ —™Mz—Fog— 


Coa e 5 


(8) (totic factorin brackets ndd-+ 97 {z— —nt} a 


‘The equations of condition are the following :— 
4, =0 gives As 
SkH ee 
=—M,—Fo3— (—p-—% Fac =0;. 
©, =0 gives 


M, {SkH e ed 
-7-F 0g — (em) + +a =05..(28) 


The condition that the abutments are immoveable, or v= 0, 


=(4 Sr) eat [i ede=9; (27) ane 


ind raultiplying both sides by 1" eres Ay ro bare aa 


Ft gene Egat h?) 
-~—% ete “120 —u{ +0 


(1-754) } =o. | pie 


By fear between the throe equations of condition, the 
i Femnlts are obtained :-— 


ae - oye)? 
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(+B) +(1 +h" ia equal to or greater than 5 < 2, the 
greatest intensity of tension also takes placs when the beam is 
jouled along its whole length; that is to say, 7; = 9, = 1; and 
then we have the following equations :— 


my (2B, 1) 


2 ae 
a= sc TEB Saath 10a 4} @rm) 


Pe a wm (2B_ 
Pi= sa, 11+ BAS 7h 


—}) +0109}. (388 


The effect of an auciliary horizontal girder, made fast to the 
arched rib at its crown, will be considered further on (pp. $13, 314). 

Prostem Fira. Jn the same case, when the Abutments yield to 
the thrust 80 as to enlarge the span to the extent wu, = a H; it ix only 
necessary to make, throughout the formule of Problem Fourth, 


: te eet soa) Laem (40) 


Pnoviem Sixt. Parabolic Rib of equal stiffness, supported at the 
ends, but not fixed. —The formule of Problem Fourth are applicable to 
this case, with the modifications, that My and M, are each = 0, and 
that i, becomes an indeterminate constant, Hence the following 
results, in which the terms enclosed in square brackets, [ ], bare 
reference to the loaded division of the rib only :-— 


tm) o— [of z—(l—t } equ 
M=Fye+ (Gt) 5 —[e 


{00 


z 





PARABOLIC RIB LOOSE AT EXDS 


i=6— panes, {3+ (Ges) 


flea, 
emoe—sairex, [oe + (es) 
x— [er {=-a—ni} Tt ; 


sod w, =o H denoting the enlargement of the span, as in Problem 
Fifth, we have,— 


(43) 


(a4) 


16 aEA,\ lH ,8k,;! A 
O=— (1 5Rt =) 2 atm [24s (tt) 


being multiplied by gm’ ME A, +8 &, and proper substitu- 
tions made, gives te flee adiihsa ot cesta 
WEBA, Fol, mP, wh B 
0 Tot 


mar Rete Page 2A), += (46) 


Sk cl ia 
‘The other two equations of condition ure as follows :— 
a ht BA, ; - FP, wh 
Ga I Pe RA mgm BA, iy —-5 +S a 
wh HIE. x 


fl 4k 
a ee (48) 


46 and 47 give, by eliminating ig, and dividing by 2, 
tafe a hen— 29 


a oete)) 
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and eliminating F, between this equation and 48, we obtain the 
following—  ° . 


o=— i _™ ae “t (5 #5 rt} on) +54 


(32526) 
whenee, using the following abbreviation,— 
ota 0 ob tBA)I, 


we have the following values of the horizontal thrust, and of tho 
other constants,— 


--(60,) 


Bamnteo{s*3 5e—5rt+ ar) } 5. (5%) 


5A SrttOr) 
Tore (e- —-Fo) } 6a) 


B 1% 0 
6 = aang, {Tote (34-4 


b¥—5A+an i 
2+0) i 
The shearing force at the loaded end of the rib ix (with the sign 
reversed}— 


(4) 


P=—F=—Fytuyt+wrt— SEH 


=H ary | Gos) 


5e—GA+o 
=i {tote (r—#— TIO) }. 
To pare negutive signs in what follows, this is denoted as above 


“The greatest tending moment occurs at a point whose horizsatal 
distance from the loaded end of the rib is 


P 


l—-x#= 


SEH; 
Uy — a 
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yott(at9) Se 


i954. ae 
r “w+2( +4) ee 


w 
P@—2) 2 n {et4(m +5) reo} 
=e é 
<5 (Shep 
To iMlustrate this by a numerical example, let the following data 
be assumed >— 


(56.4) 


AST AY 





w= 


hagih= 
4 =} (this value requires an T-shaped section to realize 


a= 0; (that is, let the abutments be immoveable). 


Then, 
es 
O = gy X55 = 013 nearly. 
Also, lot the intensity of the ai Joad be equal to that af the 
Tead load, or 10 = ty. 


1—2=026 10; 
M = 00169 Fw; 
(boing less than the bending moment due to a load of the intensity 
w over the whole span, in the ratio of 0-135 to 1). 


1a lw (. ae 
Ama, nis = (203 +148) =301 


Proptra Sevexta. To find the greatest Deflection ofa petay 
Rib, the greatest value of v is to be taken which 
i=, Te cat ean be deduced from equations 25 and 26 of 
Fifth, and 43 and 44 of Problem Sixth, that in all Reiger foo 
to which those problems relate, the absolute maximum: 
occurs in the middle of the rib, when it is loaded over ite whole 


Tength; that is, when 





f=1; =} 
Then in a rib of uniform stiffness, jixed in direction at the ends, 


H= id esa R= t Fitne a 


we 


save (61) 


Tn a rib of uniform stiffness, not fixed in direction at the ends, we 


Bll Ek E(w + 04) 0° } 
=S8k(I + 0)’ ng 2+)’ 
Bw + um) C 
o=Sew EA, (170) ™ 
a 5 (wo + wn) C 
Ti qm MEA, (+ Oy 
‘oglinare terra formuls with equation 12, of Article 169, 
for. of straight teams under any lod, hats 
that total load in the presen’ patho 
P+ 384 =e + 48 and that 9 mw’ 2 A,=I. Hence it 
that deflection. of an arched sib of ‘uniform stiffiean 
an uniformly distributed load, is Jess than that of a straight 
SetaNiais pattice tan the: sae asomens of inertia with thar ef 
the arched rib at its crown, in the ratio of 


B:1 + B if the ends are fixed in direction (see pp. 305, 308). 
©: 1+ Cif the ends are merely supported (see p. 310). 


Promtex Eronre. Arched Rib of uniform ba desl rm 
ene cad fort ar he ome e harm! = 
In TBS, tet Bb us before be the arched tity aad EAT? the 
= 


it the 
the 
eause 


(62) 
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of the straight and arched beams to be the sme at corresponding 


Pho efi of thn ets tke it county making th © 
total moment of inertia of the crosssection, in the of 
Problem Fourth, vie -— 


L=gqm’i A, 


include the moment Fhe mehr ben ce ae ‘but the area 
a is still to be that of tie arched beam onl 

& the carved anil ptraigtit beams boo Serely Conigeneeanae 
crown (A, fig. 158), that their Acrizontal displacement w is the same 
at that Mat the, boenniel oe 
X, E, cit Tete tbe piers, or against somo otber part 
superstructure, so as to ths capable of resisting a thrust. Then the 
horizontal thrust is no longer necessarily the eame in the 
divisions of the arched rib, A B, A BY; but when one of 
divisions (as AB’) is more heavily loaded than the 
horizontal thrust in the more loaded division is greater than 
Jess loaded division, the excess being resisted by that part 
Torlzontal beam (AE) which is above tho leas loostal division, 

It is unnecessary to give here the complete detailed in 

of this case, or to do more than to state Fhe most important 
of that investigation, viz :—that with the dimensions and 
the circumstances that usually occur in , tho of 
resistance of the horizontal beam to a ‘tudinal thrust is to 
make the greatest intensity of stress in the arched rib under overs 
partial load either less than, or not appreciably greater than, the 
ener intensity of strees under a a pe | which thus 

¢s the absolute ‘maxi of stress in the ode 
given by equations 378 for thrust, and 38.8 for tension, page 

‘The greatest stress in the horizontal beam ae 

mately us follows :—Let A” denote its depth, A’ its sectional 
MM, the ese moment of flexure as computed by sqtaton 33 
py 308, If the horizontal thrust by equation 31 a PB 


ie 
 Beeda 


4 
nil: 


Mk 
greatest thrust, p") = air $e rbeese OB) 


greatest tension, p”, 


On the subject of the strength of arches in different 
a elerine east :—Stone, A 
rticle 345, page 481, and Article 34! 
aarobed ribs, “Article 374, page 538; ‘rot, Destin Rigo 
380, page 565, See also The Engineer, 3d January, hry 





CHAPTER IL 
OF ZARTHWOUK. 
Seerion .—Strength and Stability of Earthwork in General. 


18]. General Principles — Adhestoa— Friction — Natural Slepe— 
Meavinees—Earthwork is of two kinds—excavation, or cutting, 
aca i The term “ earthwork,” in its widest 

excavation in rock, as well as in the looser 
cong the ie war iy ts = oe 

Barthwork gives tipping or slidi its parte on 
each other; rletindfe fey ations tite recistancs 207K6 ONSET 
344 

rock, that resistance arises from the elastic stress of the 
see, when subjected to a shearing force; but in a mass of 
earth, a8 commonly understood, it arises partly from the friction 
between the grains, and iy from their mutual adhesion; which 
hatter = is i com le in some kinds of earth, such as clay, 


Seetestatot racth is gradually destroyed by the action of 

Bir and moistare, and of the changes of the weather, and es] ly 

alternate frost and thaw; so that its friction is the only force 
“cope be relied to produce permanent stability. 

itional stability, however, which is prodnced 

adhesion, ix ach i eof i in the execution of earthwork, by enabling 

Sieet 4 cutting to stand for « time with a vertical face for a 

depth below its upper edge. That depth is greater the 

the adhesion of the earth as compared with its heaviness; 

is increased by a moderate degree of moisture, but diminished by 

wetness, 


The following are some of its values :— 


Greatest depth of 
temporary 





g 


a 
the weather, by grad destroying 

, causes the steop upper part the concave face to cramble 

‘so that the whole tends to assume an uniform slope in the 


‘The permanent stability of earth, which ia due to friction alone, 
is sufficient to maintain the side either of an embankment or of a 
aunes at an Spaeth whose inclination to the horizon is the 
angle or angle whose 
This is ealled the nalural slope 


ary 


Values of the angle of repose (©) and co-efficient of friction (f), 
aud its reciprocal (1+/), for various substances, have already been 
given in Article 110, p. 172; but for the sake of convenience, those: 
which refer to the frictional stability of earth are here repeated, 
with a few additions :-— 








‘The most frequent slopes of earthwork are those called 14 to 1, 
and 2 to 1; corresponding respectively to the co-efficients of friction 
067 and 0-5, and to the angles of repose 334° and 264°, nearly. 

‘The of moisture in earth to an extent just sufficient to 

the air from its crevices, seems to increase its of 
htly; but any additional moisture acts like an umguent 
inishing friction, and tends to reduce the earth to = semi- 
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then the amount of the conjugate pressure, represented by the 

weight of the prism O X D, is 

p_ wt co #— ,/ (cos® #—cos* 2) 

po oO cosas i (onsta =cut ey, UD 
Tn the extreme cases, equations 17 and 18 take the following 

forms :—For a horizontal surface; 


PoE soos 8: 


_lasin op _wat 1- sing eon(19.) 


MO ED=8 Tong oo a le 


For a surface sloping at the angle of repose; 


2 
= 05 XD aa; Bee 008. csnennnen( 20) 


Masses of earth with indefinitely extended plane upper surfaces 
do not oceur in reality; but the formule which are applicable to 
them are applicable to real masses of earth with limited plane 
upper surfaces, with a degree of accuracy suflicient in most eases 
for practical purposes. (See Phil. Trane, 1856-7). 

TABLE OF EXAMPLES 
° “ 15S 30° 45° 60" 
(9° —¢) +2 45° 37438" aa} 13 
0268 057 roo 1732 
3732 «41732 «4«r000 §86OgTT 
0259 «©«0'500 "707 0866 

1—sing ~ eds * 

7+ xin ¢ 07583 0°333 o172 ous 

C08 r 0°966 0866 o'707 O"500 


‘There isa mathematical theory of the combined action of frietion 
and adhesion in earth; but for want of preciss experimental dats, 
its practical utility is doubtful. 


Section I.—Mensuration of Earthwork, 


184. Cateulntion of HalGbrendths and Areas of Eamd—The 
boundaries of a piece of earthwork in general are as follows:— 

I. The base, forming, or formation, being a surfuce nearly, and 
sometimes exactly, horizontal, which forms the bottom of a cutting, 
or the top of an embankment. 





ality of theron 
and 159, represent examples of cross-sections of 


Fig. 157. 
cere Soak: of which DE ashe ae Ae 


aH 
ie 


ai 


mt cuttings; to ent 
ila to conceive them to be turned upside 


emraind take of earthwork, of which one side, 
“side cutting,” and the other, QD A, 


‘4 piece of earthwork has already been men- 
112. It means the horizontal distance 


Fleisell 


rei 


Yass, which is fixed ty the of the work, aud the 
Dreadth of one slope, which is to be found by caloula- 


F, tho point vertically 


ee Ente Neg 169, © represents a point 
and EH are 
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the breadths of the slopes, and CA and © B the half-breadths of 
the earthwork. 


Ih 158 and 159, where the ground slopes sideways, the 
yortical lines through D, F, and EB are if necessary, 
wee at ri, i ALM, and BNR, 
breadths of the slopes; and M A and PB are the half-breadths of 
the earthwork. 

‘When the natural surface of the ground is rugged, the best 
method of determining the breadths of the slopes of earthwork is by 
measurement, upon a series of cross-sections of the pr work, 
plotted to the same scale horizontally and vertically. (Article 11, 
p- 11; Article 60, pp. 97, 98.) 

When the nat surface of the ground is level, or nearly level 
across, or has an uniform or nearly uniform sidelong slope, the 
breadths of slopes may be found by calculation, according to the 
rules now to be explained. 

In each of the following problems, 4 denotes CP in fige 157, 
158, and 159, being the central depth of the earthwork at the given 
cross-section; by the half-breadih of the base, F Dor PE; tol, 
the slope of the earthwork, meaning s horizontal to 1 vertical, ¥, 
the hulf-breadth of the slo 

Proven Firs. To calculate the breadth of a slope, when the 
natural ground is level across.—In fig. 157, 


VeHB=GAesh ..... 


Pronuem Szcoxp. To calculate the breadth of a slope when the 
natural grown has a given uniform sidelong inclinati: 

Let the natural sidelong declivity be at the rate of r to I, that 
is, lot r be the cotangent of the angle which the line AB in fige 
158 and 159 makes with the horizon. 

Case I.—When the ground, in proceeding from the centre to the 
edge of the earthwork, slopes away from the base, as in the right- 
hand side of figs, 158 and 159— 


Here the fuctor h+% represcats ILE, the depth of the exrth- 

tee afr fect in proceeding from the centre to 
When 

the edgo of the earthwork, slopes towards the base, aii te left 

huund side of fig. 168, — 





of the base. 
ae Fin ea oe 
contre li as at Qin 
side of fig. 159— 


BaALe *- @-1)....- weeps | 


Here the factor “®— i: represents GD, the depth of the earth- 
‘work at the edge of the base. 
‘The horizontal distance of the point Q from the centre line is 
given by the formula 
FQ=rh. 5.) 


Tt is obvious that the formulw of this article can be applied to 
eases in which the slope of the earthwork and the rate of declivity 
‘of the ground are different at the two sides of the contre line, as 
‘well ax to those in which they are the same. 
half-breadths of the earthwork, 4,-+ 0, to the right and 
the centre line at a given point, being each increased 
breadth required for fencing, give the total half-breadths at 
it stated in Article 66, p. 113); and these being added 
the total breadth of the land to be taken. a 
at different points in the centre line, the 
en may be calculated by the method of 

icle 32, pp. 33, 34. 
may be plotted on a the 
to be taken drawn through » and 
Method of Triangles, p. 33, or by the use 


‘2 series of cross-sections of a piece of earth- 

calculating its volume, or “quantity.” If 

it may be necessary to find the area of cach 

measurements made upon a drawing; but if the 

ly or level across, or has nearly or exactly an 

slope, area of a given cross-section can be 

from the same data which serve to compute the breadths 
slopes; that is to my, 
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‘Tho natural slope of the ground,. 
‘The slope of the carthwark, 
‘The half-breadth of the base, . 
The central depth, 
Tn each case the area of cross-section required will be denoted 
bys 
Prowrmat Finst, To compute the area of cross-section of a priect 
of earthwork when the ground is lecel acrose, us in fig. 157 
S8=FO-GB=4(2+8) 
=2hAtsk. wo (1) 
Prostem Secoxp. 10 compute the area of cross-section of @ piore 
of earthwork, when the ground has an uniform siddong slope, mot 
intersecting the base, us in fig. 158. 
The area of the trapemid GD EH=DE-FO=24,4; 


of the triangle BH BaP N HE = oot 


Article 184, equation 2) ie =i (s +b, 


» of the triangle AG D <4 2°ED — (escordingito 


Article 184, equation 3) 


ea) (i = ; 


hence, adding those three parts together, 


=i (i+ ay" Oey eer (s—*). e) 


‘This formula may also be put in the following form:— 


a8 rb hot reat 
see 50 (3) 


Another mode of expressing tho sume quantity is a8 follows,*— 


# Saggestol, oo far as I know, by Mr, Thomas Roberts. 
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is convenient for use in connection with a table of squares:— 
BE and AD till they meet in K, in the vertical line 
F produced. Then 
S = triangle A B K — triangle ED K 
= SEED ORS DEE: 
bt PEAY; OK =A+%; DE= 24, and 


AM+BP=2",(h+h); consequently 


8 ely (i +h) 8 Reise (4) 


Prontex Turn. 7 compute tie areas of the two divisions of a 
erete ection of earthwor, when the grownd intersects the base, 0x in 
*e un cross-section here consists of two similar triangles, QB Eand 
QA D, one of which is in cutting and the other in embankment. 
In the figure, the larger triangle is in cutting; the same figure 
inverted will represent the case in which the larger triangle is in 
embankment, Vhen Q, C, and F coincide, the triangles ure 


equal. 
Let S denote the larger and 8” the smaller triangle. ‘Then 


_(BP+FQ)EH (jj +riy 
SSS pear sins Tomer bons. 


_(AM—FQ)-DG _ @,—rh}t 
eS srt e) 
186, Caleatation of Volumes or Quantities of Earthworks. 
Case I. When tivo cross-sections &,,8,,are given, with the longitudinal 
them x, the volume (V) of the earthwork between 
crosssections is given approximately, by the following 
formula, provided &, and 8, are nearly equal, but not otherwise :— 


vor StS, 





Var StS TS 


Case TIT. Two cross-sections given, and one aseemed.—Equation 
2 may also be weed to give a closer approximation than equation 1, 
when the two endmost cron ne NY Oe ee 
utting for S, the arca of an armed cross-section midway between 
E aos fi its central depth ig masecl ile So 
the central depths of S, and S, and the sidelong of the 
aroane Gt f any), at 8, a harmonic mean between those at S, and 8, 

the ground is level across, this last process gives the follow- 
neheatel 


Let fig be the central depth at 8,5 
whe mn mm a8 


thon the assumed central depth at 8, is “°F; ana 


: 
Vee {i (loth) +e BtRAtey 3) 

This formula is called the “ Prismoidal Formula” Another 
form of the same formula, convenient for use in connection with 
table of squares, is as follows :— 


Xo $4, (y+) +04 OF 4 GY 


Formula 3 is the basis of Sir John Macneill’s earthwork tables; 
formula 4 of Mr, Henderson's. 

Case IV. Am com number of epwidistant cross-sections given, Sp 
8, S, de... S,; the distance from section to section being 
ae 


Vaae{Pts, +5 46...+5} 6) 


Case V. An odd number of equidistant cross-sections given, 
§, 5, Sp &o. .. . 8,; the distance from section to section being 
an 


H=S2{§ +4428, 445,428, 440.0, . 
+28,-.4+48.-,.+8}. 














Ao 8 


re 
ES 
fF 


i 


ite 
Cy 
ry. z 


time with the temporary fencing, at one or both sides of the earth- 
work, commencing at its outfall into an existing main drain or 
water course, and working a When the ground has a side- 

the catchwater drain is indi) ible at the up-hill side 
of the earthwork, Thus, in fig. 160, A B is part of the base and 
BC one of the slopes of an intended cutting; C G is part of the 
natural ground, sloping downwards towards C; D is a catchwater 


oy) MS 
as 
Fig. 160. Fig. 161. 
drain, to prevent surface water running from G towards © from 


injuring the slope of the cutting. In fg. 161, A Bi 
Juuso and B.C one of the € po apes 
the natural ind, sloping F 
‘eatchwater drain, to prevent surface water running: 

© from collecting at C und injuri 

water drain may be an open ditch, i 








of the BO, unless there otherwise it 
eee Ge cioe t sip, and may lon bw ed ain sed 
aerate zising Sn oottdagn ecqeteympe-sal strat Team 


itr stow we taraiouhs it Solin gee 
geting, or excavating; filling into barrows or wagons; sohedling 
in barrows; leading im wagons; and teeming or 
i, depoiting the earth inthe embankment where tis fo ret 
ae eerepnen ‘cence in special exses will be considered farther 


The labour of getting the earth depends mainly upon its adhesion. 
Loose sand and gravel, soft vegetable mould and can a 
with the shovel or the spade alone; stiffer kinds of earth require to 
he loosened with the pick before being shovelled into barrows, and 
in some cases, with crowbars, wedges, or stakes; the softest kinds 
of rock can be broken up with the pick or crowbar; harder kinds 
require the action of wedges; harder still, expecially if free from 
natural fissures, need blasting by gunpowder, which will be treated 
in 2; sepamte article. : 

heeling in larrows ix formed wy; lanks, whose 

inclination should not piedenye in 12, fale the then pope 
By eae of Foe ea pee mae inery. ee 

Leading is performed w ight tensperary wagons 
called garthowagons,” are bodies can be tipped over 
turning on a pair of horizontal trunnions, so as to empty the 
out: they are drawn by horses or by small locomotive engines 

The lubour of shovelling a giren weight of earth into barrows, 
and that of wheeling it from the face of the cutting to a given point, 
tipping it into the wagons, and leading it a given distance, are 
nearly the same for most ordinary kinds of earth. For « gives 
tulk of carth, the labour of Tee operations varies nearly as the 
heaviness of the earth. 

Tn order to execute an exes 


pickmen, ‘acme and wheelers, or barrowmen, £0 
that all shall be constant! ployed. The only method of doing 
this exactly, in any particular case, is by trial on the spot; but an 
Spproximation may be made beforchand by estimating from the 
data of experience. 

The absolute number of excavators working at the fice of a 
cutting is determined by the horizontal extent of face at which 
cutting is in progress at once; one excavator to five or six feet of 

Ith of face, is about as close as they can bo placed without 
Setting in each others’ way. 
The proportion of wheelers to shovellers may be estimated ap- 
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by the fact, that a shoveller takes about as to fill 
barrow with earth asa wheeler takes to 8 fall 
about 100 or 120 feet, on a horizontal plank, and return 
barrow has to be wheoled up an ascent, ench foot of 

be considered equivalent to six additional feet of horizontal 


following imate formula :-— 
Lat t be the horizontal distance that the earth has to be wheeled, 
and / the height of ascent, if any; then 


l+6h 
number of wheelers to one shoveller == —— tay gam, (Le) 


The number of barrmcs required for each shoveller is one more 
than the number of wheelers. 

A shoveller will throw each shovelful of earth from 6 to 10 feet 
horizontally, or from 4 to 5 fect vertically upwards If the earth 
fs to be thrown by tho shovel to ter distances or heights, two 
or more ranks of shovellers fata be eplcved: 

‘The proportion of the he to the shovellers (in a single rank) 
depends on the stiffness of the earth. The following are examples :— 

Pickmen to 
ene Shoveller. 
° 


: from 4 to r 


(lie ete lila oclerapa i 

Keep one line of wheelers at work ; “ carth of a man and a-balf,” if 
two shovellers and a pickman are needed to keep two lines of 
wheelers at work; “earth of two men,” if one shoveller and one 
Pickman can keep one line of wheelers at work; and generally, 
*eurth of so many men,” according tothe ee of shovellers and 
pickmen togethor who are required to keep one line of wheelers at 
work. Let m denote that number; then the total number of 
shovellers, pickmen, and wheelers for each line of wheelers, will be 
approximately 


Mem+ coon ee (: 
from 100 to 130 feet’ 


rate at which the cutting may be expected to advance, if 
maken ( difficulties occur, may be estimated for each line of 
(0r for each: shoveller in one rank), at about 
z 
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ie yards of I. nel, 
or Se ecto jacks of cay, o compass earth, | = 


‘The labour of excavating is often considerably lessened, especially 
in widening a gullet at the sides, by undermining lange masses of 
earth from below, and loosening them by driving stakes behind 
them from above, This is called “falling.” 

An carth-wagon holds about as much as 50 wheel-barrows, and 
if drawn at the walking pace of a horse, its speed may be taken as 
about one-fifth greater than that of the wheel-barrows; so that it 
in equivalent to about 60 wheel-barrows; and one 
going and returning a distance of about 6,000 feet 4 
while another stands to be filled, will keep one shoveller at work. 
Tf loaded wagons have to be drawn up an ascent, and the tem- 
eecediccl are in moderately good order, each foot of ascent may 

considered as equivalent to about 150 feet of additional 
zontal distance. Hence let L be the horizontal distance in feet to 
which the earth is to be led in earth-wagons drawn by horses, 1 
the ascent, in fect, if any; then the number of ahorellers (in single 
rank) to each carth-reagon in motion at ome time, is about, 


(8) 


and the reciprocal of this expreases the earthanagons or fractions 
an earth-wagon in iste one Weal per shoveller ; ei cain 
a8.to which no precise rule can be laid down, must be 

vided, in order to allow for those which are standing to be 
and for those which are in the act of being tipped and reversed 
With locomotive engines the speed can be increased, and the 
number of, wagons proportionally diminished. The 
calculations have reference to wagous which hold from 3 to 
cubic yards of earth, or thereabouts, the weight of which is from 
40 3 tons, the weight of the wagon itaclf being between a tom: 
@ ton and s-half. The friction being taken at 15 Iba. per tom (Or 
1— 150th of the gross load nearly), the fores required to draw a 
presen sat ot wagons, either on a level, or up or down a 

ivity, can easily be calcalated. In estimating the number of 
horses required, the force which a horse can exert when walking 
aay pay be ads or about 120 Ibs. 

ie i earth is performed, not in wagons or 

earn all, eee net pea carts on an ordinary 

lway, the num! such carts required may be approximately: 
computed from the data, that the met load of each wach att i 
‘about equal to thut of twelve wheel-barrows, and its sperd 
Boing and returning about one-sixth part more than: See 











EMBANKMENTS ON SOFT GROUND. a Sus 
much latter than that of the material of the em- 


wtrench snd filling it with a stable material. Tn fg 168, 
B ts the 


Tat 4=G E denote the height of the proposed embankment; 
, the weight of a cubic foot of its material ; 
w/, theweightof' cubic foot of thematerial of the natural ground; 


its angle of repose; 
H=G ©, the required depth of the foundation ; 
l-sng’_ yp. 
aheo let ae gt = 
then the depth of the foundation is given by the formuls, 


tes gett) 


‘The slopes of the trench, © A, DB, should be inclined at the 
— so that the breadth of each 


= B-cotan g'; ... ae) 
snil this fixes also the inclination of the ge hxeiis embankment, 
“Ii pound may te spean Je of repose of its material. 
‘ay be cing aod consolidated by means 
= This mod be further explained under tho 
Sve Tis enienkocct me be made of materials light to 
iy os heal 











least efficiently when the line of least resistance is 

the bore-hole itself, It is not always possible to jump a 
dicular to the intended line of least resistance; 

should always be made to form ns greatan anglé with that 


fails to explode, the tampi 

e auger (p. 332), a new fuse pub in, and 
however, is not wholly free from 

SEGUNDA de’to drip » now hole neae tho fs read q 

charge of powder, the explosion of which will prul 

municated to the former 


other. The jumper used for the latter process is called the 
“ churn jumper.” 

‘The following are examples of the day's work per man per 
formed in jumping boles:— 


In granite, by hammering, 


“ 59° 

(As to jumping by machinery, sce Article 392, p. 594.) Fee 

To ‘ite, jum require to be sharpened about once for 
fii bioal, kal uaaled cae for onch 16 or 20 feet; and the length 
of iron wasted in using them is about one-tenth of the depth 
bored. 

The lower ends of holes in limestone have sometimes been 
enlarged to form a chamber for the powder, by the aid of dilute 
nitric acid. A double tube, consisting of an outer tube of 
with a tube of lead within it, is down to the bottom 
hole; the inner tube has funnel on the top into which the dilute 
acid is poured ; it passes down, and dissolves the lime of the lime- 
stone; the carbonic acid gas disongaged forms, with the solution of 
nitrate of lime, a stream of froth, which rises through the space 
between the inner and outer tubes, and escapes through = lateral 
Dent spout near the top of the latter, 

It. ae blast ia made by excavating a vertical shaft or a 
horizontal heading in the mass of rock, which should turn at 

at Jonst once on its way to the powder-chamber at its. 
that the tamping may not be blown out, Such shafts aid 
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Taute or Tue Heavosess or Rock. 


Lbs. in one Lbs, in one ‘Cabie Poet 
Cubic Foot, Cubic Yard, toa Toa, 
187 we 5060 a2 
17 tO 174 «. 3160 to 4730 19't to £29 
162. «4370 8 
4430 
4430 to 4640 
4500 to 4720 
4810 
4450 
3890 
. 8510 to 4240 


- 4372 
4720 to 4890 ... 


459° 


Tt 1s stated that to produce the mme effect in Wasting that 
Psa by a given weight of powder, one-siath of that weight of 
lasting cotton, or one-tenth of that weight of blasting oil i 
sufficient, Blasting oil (otherwise called “ Nitroglycerine” or 
“ Nitrolenm”') explodes by concussion ; therefore it i ace 

to jump a new hole near a bole which is already charged with it 
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crystalline forms, 
species; Ji 
to 10 species. 

The masses which form the earth's crust, whether stony orearthy, 
stratified or unstratified, are made up of simple minerals, either 
of one kind or of several kinds, mixed, not chemically combined. 

There are a few simple mincrals which are so much more abun- 
dant in the earth's crust than the others, that they fix the pre- 
dominant characters, both chemical and mechanical, of the stones 
into whose composition they enter; and those minerals alone, with 
their principal chemical constituents, need be considered in such a 
treatise as the nt. 

‘The principal chemical constituents of those predominant minerals 
are four Eanrus, viz :— y 

I. Silica, or pure flint. Its chemical composition is (according 
to the British scale)— 

One equivalent of silicon, . 30 
‘Two equivalents of oxygen, 
One equivalent of silicu,..... 

Silica exists uncombined in great abundance, in tho form of 
quartz, sand, and flint. With other earths and alkalies it combines, 
acting axanacid. It is not soluble in any acid except the fuoric, 
nor when crystallized is it soluble in water; but by an indireet 
process it can be made to form a gelatinous compound with water 

IL Alumina, the base of clay. Its chemical composition is 

Two equivalents of aluminium,... 548 
Three equivalents of oxygen, . Ps 
One equivalent of alumina, 102% 


— 

Aluminn exists uncombined in the ruby and sapphire alone. In 

combination with other earths, it exists in great abundance J 

Acts either as an ucid orass base. It forms a paste with water; 

ieee catevk recente, can be made to form a gelatinous com- 
with water, 


TIL Lime is thus composed,— 
One equivalent of calciam,. 4t 
One equivalent of oxygen, 
One equivalent of lime, 





does not exist in nature uncombined ; but in combination 
with other earths it ix very abundant. It 
soluble toa small extent in water. 
com 


+ 254 
. 160 


Magnesia is not found in nature uncombined; in combination 

ith carbonic acid and with other earths it is abundant, though 
not so much #0 a8 the three earths before-mentioned. Itis alkaline, 
it 20 highly eo as lime, and is very sparingly soluble in 


In some of the predominant minerals the two following 
Auxaues are found, combined with cartha Their presence in 
stone promotes its decomposition when exposed to the weather:— 


‘Composition, Equivalent. 
Potassium 78°3 -+ oxygen 16 = 94°3 
Sodium 46-6 4 oxygen 16 = 62°6 

‘The following Actp exists abundantly in combination with lime 
end magnesia, 

VII. Carbonic Acid,... Carbon 12 + oxygen 32 = 44 

‘The presence of carbonic acid in stones is made known by their 

ing when acted upon by stronger acids, 

The metals iron and manganese also enter into the composition 
of the minant minerals, in quantities comparatively small. 

equivalents are, Iron, 28; Manganese, 277. 

310. The Predominant Minerals ia Stones are the followin; 

TE Quanrz is pure silica. Its heaviness is from 2-5 to 27 times 
that of water. Its primary crystalline form is a rhombohedron, 
Ts most common external crystalline form is a regular six-sided 
peiem, with a six-sided pyramidal summit, 

‘Whien it occurs in transparent crystals, colourless or coloured, it 
Grealled rockerystal. Ina compact, translucent mass, it is called 
fernatone. In dark-coloured, translucent lumps, which are scattered 
Trough the chalk, it is called lint. In grains, or small crystals, 
More or less rounded at the edges and corners, it forms sand. ‘There 
are ¥arious other forms of which it is unnecessary to men- 
tion. It is the most and durable of all the predominant 
2 
4 





6 equivalents of silica ; 
1 equivalent of alumina; 
1 equivalent of potash. 
2 ee Ree eee eee the potash replaced by 
an Pena d quantity of 
Stine Piibar he the cts cx prt of the potash replaced by 
an iralent wantity of lime. 


a crystalline or compact granular structure, forms 
the white or flesh-coloured grains ant yatals which are seen in 


‘te, porphyry, and some other rocks to be afterwards men 

With a cE ‘structure, it forms clinkstone. With a soft granular 
structure and earthy fracture, it forms claystone. It presents all 
os of hardness mn durability. 

Horxuiexpe presents great varieties in appearance and 
composition. Its heaviness is from 2-7 to 3-2 times that of water. 
The composition of the white variety agrees nearly with the 
following constitution :— 

9 equivalents of silica; 
6 equivalents of magnesia; 
2 equivalent of lime; 
and there is also a small quantity of fluorine, which may be eom- 
bined with part of the calcium. The most common varieties are 
a dark-green and the black, in which part of the silica appears to 
be replaced by alumina, in the proportion of one equivalent of 
alumina for three of silica, and part of the magnesia by an equiva- 
lent “heel of protoxide of iron, 
Dark-green or black hornblende forms a great part of the mass 
of greenstone or trap. It occurs in erystals, fibres, ai ae 
has a glassy lustre, and a fracture sometimes conchoidal, sometimes 
uneven, sometimes sluty. It is one of the toughest and most 
durable of minerals. 
TY. Averry much resembles hornblende in all its bad ag 
29 aca of its white vurivties agrees nearly with 
ay 2 equivalents of silica; 
L equivalents of magnesia; 
1 equivalents of ime, 
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Crushing Strom, in Fos 
om the Square Inch. 
16,893: 
11,970 
12,861 
10,987 
11,820 


8,528 
7,098 
3,959 


pe eseemie ok i secktanoe tn rvehiog tna atti 
dicular to the layers. 
The hardest ore alone give way to crushing at once, without 
warning. All others begin to crack or split under a load 
than that which finally crushes them, in a m which 
Tanges from a fraction little less than unity in ler stones, 
ae to about one-half in the softest. 
geal yarn. (Ail 16 Pasi Sere ede 
general by shearing. rticl Article 158, p. 2 
Experiments on meeegth co hoe stones have hitherto bee mee 
almost Saienlly on on Lanse specimens. It is desirable that they 
he made on tie specimens, whose heights are at least 
and a-half their diameters; for an experiment made by 
indicates somewhat more than the real strength of 


of importance is projected, the best course ix 
for information as to the strength of the 
ee to test it by special experiments, which 
the aid of a hydraulic press, As to the 

in making those experiments, and calculating 

to insure accurney,\see Article 144, pp. 


structures of stone should not be less than 


Stones.—The appearances which indi- 
already been mentioned in deeerib- 
deceptive. 














and two boys, viz, ee gested io 


make 16,100 bricks per week. ‘This is at the rate of 


1:12 days’ work of a man, and 2 
075 days’ work of a boy,” } per 1,000 tricks, 


‘The fuel consumed in burning bricks ranges from 5 to 10 ewk 
per 1,000 bricks. 

‘The following are characteristics of good bricks, 

To be regular in shape, with plane parallel surfuces and sharp 
right-angled edges. 

To give a clear ringing sound when struck. 

When broken, to show « compact uniform structare, bard and 
somewhat glassy, and free from air-bubbles and cracks. 

Not to absorb more than about one-fifteenth of their weight of 
water. 

Bricks which answer the preceding description, when set on eid 
in & hydraulic press, should require at least 1,100 Ibs, on the square 
inch to crush them, agreeably to the strength of “ red 
bricks,” as stated in the table at the end of the volume; 
will gometimes bear considerably more. A small pillar of) 
work, made of bricks of this quality laid in cement, should i 
from’ 800 to 1,000 Ibs, on the square inch tocrush it, (See page 437) 


Bricks in general begin to show signs of givin, aplinter- 
ing and ee when under avout onshnitoe earl of their 


The weaker qualities of bricks may be estimated as baying from 
ag to Shenae iz the stated above, i 
bricks supplied. for every building of importance should 
carefully inspected, and the defective ones thrown away. 
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‘The expansion of bricks by heat, in rising from 32° to 212° 
kes tres Riise, asserting Mr adie 


Common brick, - 
Fire brick 2 eons 


221. Compromed Bricks are made Sige frat the clay, grinding 
tin; wal it into moulds shapes, sab- 
about 5 tons on pees square pire and 
~oven, The bricks so made have 
@ heaviness of ordinary bricks, and con 
“pg ee greater strength. They shrink very little in 
Artificial Stones— Artificial pasate ee fat 
wenblng stun sandstone in appearance, ity, 
by cementing clean sharp sand c ah tite of 
“seal Galaga 's process), or silicate of lime (Ransome's process) 
latter erin sharp sand is made into papa 
ernie of soda, and moulded into blocks, which are immersed in 
asolution of chloride of calcium ; the latter substance penetrates tho 
whole Laer Rstacing lacing silicate of lime, which cements the sand 


sree ide of sodium, which gradually escapes in solution. 
[As to Conerete, sea p. 373.) 


Secrios IIL—O/ Cementing Materials. 

Analysis of Limostoncs and Coment Stones —Stones con= 
ary tees of lime in combination and mixture with other 
minerals are the most abundant and useful source of the éementin, 
materials used in masonry. The following are their retail 
constituents, with their chemical equivalents :— 


Carbonic Acid (see p. 353). 


Lime (see p. 35: 
Carbonate ths 44 
‘Magnesia (see 
Cartons of of M: 


Alumina (sce p. 

Protoxide af iron (see i 

Ferm of iv (rn 112 

Pepiveenattiimeadhye ° 
gw ictck ocr nn anidicad 

chemical processes ; oe perercee zany be enatel 10 Se the 
Dtee vecciocnta et Toloce Sulack of tee gwen 
practical importance. 
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It is a mixtore of quicktime with ‘silicates of alumina and iron, 
and sometimes with magnesia. Its hardening under water arisos 
from the formation of an artificial stone, consistin, of compound 
silicates , alumina, and the other bases, In hydraulic lime, 

from cement, there would seem to be a greater or 
of lime beyond that which is capable of combining with 
ne silica avd alumina. 

226, Natural Cement ix obtained by burning stones in which 
garbonate of lime and silicates exist in such proportions that, when 
the carbonic acid is expelled, haute a, rf 

to make a hard compound with the silica jumina. 
From the experiments of M. Vicat and of General Sir Charles 
Pasley, on making artificial coments, it would appear that the best 
mmixture for making cement consists, before burning, of 
two oquivalents of carbonate of lime,...rot X 2 = 202 
one equivalent of clay, of which the probable 
composition is 
one equivalent of alumina, 
two equivalents of silica,... 


20 that the composition in one hundred parts is, 


carbonate of lime, 
clay, 


a agra lentes the cement hardens under water 
on the a with which the composition of the stone 


cs ions. 

spent on ly found in thin strata amongst those of 

. Their most frequent colours are brown and 
fawn-coloured, their texture compact, and fracture earthy. After 
having been burned, they are ground to powder, which is 
in taerels, and carefully kept dry tll roqu ired for use. In this 
inte, it consists of a mixture of entices with silicate of alumina. 
‘So mon ax it is made into a paste with water, chemical action takes 
place, and a double silicate of alumina and lime is formed, whose 
Somposition, in the best cement, would seem to be, 


two equivalonts of lime,... 67 X2= 1140 


“si lara DB, 1028 
of silica,. 93 X2 = 1860 


4028 


‘anil thie Woablo silicate farms » compact artificial stone. 
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elay in suspension, and leave the snd. Good sand for mortar is 

soft mndstone, Sea-sand should be washed 
with ee reson ene an nade cele Sah el ore 
mortar always moist, 

Tn hydrwulic ax well ax in common mortar the sand remains in a 
state merely of mechanical mixtare, so that the mortar, when 
hardened, becomes a sort of artificial sandstone, consisting of 
grains of sand imbedded in a matrix of carbonate of lime, or of 


nse, as diminishing the bulk of tthe lime, which is 
material, required to fill a given joint in the 


To increase the resistance of the mortar to crushing. 

To lessen the amount of shrinking, and the consequent tendency 
to crack, arg the drying of the mortar, 

But, at the same time, the mixture of snd diminishes tho 


Jecome brittle, and full to powder as it dries. 

The proportion of sand which lime will “bear,” as it is called, 
without making the mortar brittle, is the coe the purer the 
Time, and the less the more strongly hydraulic the lime is. The 
best proportions, according to Vicat, are— 

2-4 measures of sand to 1 of pure slaked lime in paste; 
15 measures of sand to 1 of good hydraulic lime in paste; 


and lime of intermediate qualities bears intermediate proportions of 
sand. 


When snd and pozolana are mixed with pure lime to make 
hnydraulic mortar, the sand and pozzolana together may measure 
twice to three times the volume of the lime before slaking. 
mixing mortar, however, the best method is, to ascertain 
proportions in each case by trial. 
labour of mixing mortar by the shovel may be estimated at 


J ofa day's work of « man per cubic yard. 

A bro hore: yuy-mill mixes mortar at the rate of from 20 to 25 
eabic per day. 

mortar tends to set, or harden, even in the wet state, 

it not be mixed until immediately before it is required for use. 

erecting Beton.—Common concrete is a mixture of 

qmortar with gravel, in proportions such that the gravel and sand 

erp UTES HEE Vanes tha votimen oF tia'timen, Tk may bo 

either by hand or by the pug-mill, 
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Stevens Yeans arren Mexrvae, the increase of strength is in the 
following proportions :— 


For common mortar, ... - 78th 
For hydraulic mortar, » 4th 


(The above results are given on the authority of Rondelet:) 


cy in Ihe, 
Ose Year arrer Mixture. aca ioenelea 


Good hydraulic lime, 170 
Ordinary hydraulic lime 1 to 


140 

100 

40 

iy - 140 

Ordinary hydriulic mortar, 85 
Good common mortar, 

Bad common mortar, . 20 

(The above are from Vicat.) 


Stx Mowrns arren Mixture. 
‘Adhesion of common mortar to compact lime- 


Diack seacass cxrciar i brick, 
(The above are from Rondelet) 


Cement from Chalk Lime and Blue Clay, a few 

days after mixture (Sir C. W. Paaley), 123 
Portland Cement (from compact limestone and 

clay) 30 to 50 days after mixtare,.. -« T200t0 T5GO 


Gypeum—Piewer of Parie—Gypsum is a compound of 
Sao of lime with water, in the following proportions:— 
‘One equivalent of sulphuric acid (sulphur 32 + 
= Bo 


It is found stratified, and in various conditions, crystalline, 
Taminated, granular, and earthy. It is tranalucent, usually white 


haz has o ‘ly Instre, and can be casily scratched with a 
knife, being Saree tie tc basses Gates rock-calt and cal- 


a the water is expelled, and it becomes s 





ORDINARY FOUNDATIONS. 


Secrion IV.—O/f Ordinary Foundations, 


255. Ordinary Foundations Deflard and Clawscd.— Tho, ic 

of a work of masonry on land consists, in the first of an 

excavation in the nd, and secondly, if required, of w structure 

excavation, suited to form a firm base 

. The foundations to which this section relates 

are those in which cither an excavation alove is required, or 

an excavation partially filled with sand, stones, concrete, or beton. 
Foundations of a more difficult charucter, and requiring more com- ~ 

plex works to render them secure, will be treated of in « later 


inary foundations are ranged under three classes, viz, :— 
L Foundations in Rock, or material whose stability is not 
impaired by saturation with water, 
_ Foundations in firm earth, such as sand, gravel, and hard clay- 
TIT. Foundations in soft earth. 
‘The base of every foundation should be as nearly as possible per- 
i to the direction of the pressure which it is to sustain, 
and of sufficient area to bear that wire with safety, The area 
is increased to ay juired extent by making the lowest courses of 
or brie x in the building, spread sont by a series of 
5 by supporting them on a sufficiently broad layer of concrete 
be. 3 by Frakite invited arches adie opanlians jand by other 
ee The centre ae Ciara St isda of a piece s 
matonry (or point trave ie resultant of tl ressure) 
should not ae from the ates of gravity of its saa beyond 
certain limits, which will be afterwards specified in particolar 
cases. 
236. Meck Wenndations.—To prepare a rock foundation for being 
built upon, the following are in general all the operations that are 


— 
To cut away all loose and decayed parts of the rock. 
TE To ent and dress the rock ton plane surface, or to a set of 
surfaces like those of steps, perpentioalss or nearly perpen- 
to the pressure to be sustained. 
TH, To fill, if neccesary, hollows in rock with beton, or with 


TY. In some caves it is advisable, in order to distribute the 
presure, that the rock should be covered with a layer of beton, 
‘whose thickness, in different examples, ranges from a few inches to 
six feet and upwards 

‘The intensity of the pressure on a rock foundation should at no 
point exceed one-eighth of the pressure which would crush the rook. 
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‘The only assumption involved in thia equation is, that the pressure 
on the tion is an uniformly varying atrese. 
237. Theery of Karth Foundations. (4. I/_, 109.)—In earth whoso 
friction is alone to be relied on for resistance to displacement by the 
of a building, the weight of earth displaced by the 
foundation should not bear a less ratio to the weight of the baild- 
ing than that given by the following equations, in each of which 
represents the depth of the foundation ; 
w the weight of a cubic foot of the earth; 
@ its angle of repose, 
Case I. Let the weight of the building be uniformly distributed 
over its base, and let p, be the intensity of the pressure produced 


by it ‘Then Feat 
we — sin 
Sta ( pins) Sp nme (Ly 


Case IL When the weight of the building is so distributed that 
there is an uniformly varying pressure on the foundation, as as- 
sumed in Article 236, let p, be the grate Pe the least, ani 
mean intensity of that pressure; then the two following cond ios 
must be fulfilled -— 


we _ /l—sin ey 
PF — + ang. 


ar 
Ps 
Whence are deduced the following restrictions as to the extent 

of variation of the intensity of the pressure on the base, and the 
deviation of its centre of resistance from the centre of gravity of 
its figure. 

P; 1 + sin ¢\* 

Be(t 4) Ds 


tagh- PoP 
J Po 


When the figure of the foundation, as is usally the case, is 
symunetrical about its neutral axis, we have 


= mR, 
and consequently, 


ex (l—sine? _ 
Fo irate =! 





29h Bag eee 
dag h OE gh eget) 

The following table gives some examples of the values of the 
functions of the angle of repose which occur in the preceding 
formulse: :— 

° 1B 20% ag” go’! a0, ae 
1+si 
aes 2145 2°464 groco 3690 4599 5926 
1—rin o 
T+sino 
1+ in s)" 
T—sin @ 
1—sin =) 
1+ sin o 

1+ sin? o 
¢ oy 
Bary artat (oasatee js 
Tanto 54 0422 0283 200 0137 9090" OUST 
2aino 
1+ain? 9 
238, Foondations in Firm Earth.—When a foundation is to be 
mado in such earth as hard clay, clean dry gravel, or clean sharp sand, 
—that is to say, in earth which has considerable frictional stability, 
and is not liable to have that stability diminished by nt 
saturated with water,—it ix rarely necessry to apply the principles 
of the preceding article; because the depth to which the foundation 
Must be sunk, in order that the building may rest on earth below 
the reach of the disintegrating effects of frost and drought, ix almost 
always greater than those principles require. In Britain that 
depth should be at least 3 fect for sand and 4 fect for clay. In 
continental regions, where the climate has greater extremes of heat 
and cold,a greater depth is necessary. For example, in Germany, it 
Rppears that the depths of ordinary foundations are from 4 to 5 
feet, and in North America from 4 to 6 feet. 
‘Care should be taken to divert surface-water, which may tend to 
Other pettinp (Atco 1857p 3); aoa, i uous, aber enh 
cutti ‘Article p 334); and, if i 
iio este nos wt the bottom af the foubdation yo? 
The greatest intensity of pressure on foundations in firm earth is 


O'%988 07466 oy06 0333 O27r O817 OFF 
4472 GoTo geso 13°19 20152 33°04 
0°346 01224 0165 OTT 0073 O47 010295 


1945 2°73 3'535 7310 1K076 1747 


0486 0°579 O'717 Of0o 0863 o910 O'943 
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from 2,500 to 3,500 Ibs per square foot, or from 17 to 

peepee 

fixing the “ spread,” or additional breadth given to the “ foot= 

" or foundation courses of the masonry or brickwork of ordi 

the usual role is to make the breadth of the base 

the thickness of the body of the wall in compact gravel, and 

ice that thickness in sand and stiff clay. 

|. In Foundations on Sof Kart care must be taken that the 

of the foundation is not leas, as compared with the pressure of 

buildings, and the deviation of the centre of resistance not 
ter, as compared with the breadth of base, than the limits given 

fF the formule of Article 237. Those objects are promoted by 

making the breadth of the base of the masonry a8 great as is 

practicable, so as at once to distribute its weight over a large 

surface, and to increase the breadth as compared with the deviation 

of the centre of resistance from the centre of vity of the base. 

If practicable, the ground should be well drained before the 
digging of the foundation is commenced, in orler to increase its 
firmness as far as possible. 

Precisely as in the case of an embankment on soft ground 

i 4, p. 345), a trench may be dug and filled with a stable 
material, such as sand or concrete, in order to distribute the pres- 
‘are, and convey it to a suficiently low stratum of the softer 
material. To find the proper depth for the trench— 

Let p, be the greatest intensity of presmure of the intended 
Building on its baso, in Ibs, per square foot. In calculating this 

Ng age ter heer 

i the building is di nated should be ms 5 
equal to the area of ‘the lowest course of foundation stones. But ia 
the trench is to be filled with beton, the weight may be considered 
{as in an example given in p. 378) to be distributed over the whole 
ares ofthe layer of ) Provided the edges of that layer do not 
project beyond the edges of the foundation stones to = distance 

than the depth of the layer of beton. 

w be the weight in Iba of a cubic foot of the material with 

the trench is to be filled; being about 90 Ibs. for sand and 

for strong concrete or beton— 

te, the weight of a cubic foot of the soft earth; 

#, its angle of repose; 

io Tet apse =H; (or values of W and of 2, se p. 380); 

‘end the required depth of the trench = =’; then 


BP ea as sieassrermtarc @) 


gikFiedl 


a 
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Cramps or dowels may be used in string courses, or in any part 
of a piece of masonry. 
Fence-walls are sometimes coped with sods, or with clay-puddle, 
(Article 206, p. 344.) 
1S. Peinting a piece of masonry consists in scraping the mortar 
Wacthe a edges of the joints, at the face of the building, as 
far as the point of the trowel will reach, and filling the groove so 
amade with mixed cement, or with hydraulic mortar, to out, 
moisture. As to mixed cement, see Article 231, p. 374. 
the joints by or to hard blows from the ‘waves, coment Lie 
into joints: by ordi inting is apt to jump out in 
See ian shop tae lore In cove oc tao oe ae ge 
fnwards from the fuce of the wall. 
249, ry stone Watts chould be built ing to the principles. 
eeereencen ne rabble, msmcary) tn Ares les 244, 245, 2 Fe 
oe > With the single exception that the mortar is to 
Te is often advisable to make the of a dry stone 
ori ea waterproof, in order that water may not ledgat in the joints of 


ieee ec oocce thes shores Scorn, thelr’ places Ly. te, Sapam 


freezing. In such cases the cope may be made of stones set on 
and jointed with mortar; or of bituminous conerete (Article - 
39: iia cheapness be desired, of clay paddle, 
(Ariidle 6, 

5 wall is intended to be permanent, rounded 
boulders should not be used in their natural condition to build it, 
bat should first be broken into flat and angular 

Dry stove building is employed for pane ripe and sometimes: 
for a backing to retaining walls, in order at once to diminish the 
pressure of earth them, and to drain away Map 
it escape crevices of the stones. 

Tf is also used in retaining walls of small height, and in 
Soe Sed Ari 205, p. action of aie (Article ‘ie 

p. 344); and in the Ieitns cous Shs Basle at 
Peceea na perpendicular to the direction of the steepest 


Eahour of Stone-Masonry.—The following information ax ta 
the labour required to execute ditferent kinds of work connected 
with stone-masonry is given chiefly on the authority of Ganthey:— 


Resour Stoxe, one cubic yard. _ Day's Werk of a Many 
vx 0°06 
about 100 fectonalevel, o045 
“retake tem Rien Deprreriey pile 
reat eal of additional distance.) 
Unloading barrows... 








the centre of 


= weight of the stone X° 707. 


the Lewis, a truncated iron wedge or dovetail with the 
ieces, which can be put into 
larly ic in the top of the stone one 
Bee ret acktogeties The lewis-hole is made from 2 inches to 
10 inches deep, according to the weight of the stone. 

‘The most gencrally useful machine for lifting and shifting large 
stones in ordinary buildings ia the moveable Jib-crane. In 
buildings a travelling crab or winch is used, running on a Bye) 
platform; that is tomy, a framework of timber and iron is 
consisting of two parallel lines of posts with sufficient diagonal 
Wracing, supporting a pair of parailel beams, which extend along 
the whole length of the intended building, and include its greatest 
breadth between them; cach of those longitudinal beams carries an 
ron rail; upon the pair of longitudinal rails so carried run the 


wheels ing the travelling platform, which spans over the 


whole breadth of the building, and is mado sufficiently and 
stiff by tubolar iron beams or otherwise; it carries a 
transverse rails, upon which rans a four-wheeled truck, carrying 
the crab.or winding machine, which can thus be moved to any 
part of the building. The whole apparatus may be worked by a 
stesmeengine 
252. dneruments used in Bailding-—In Article 65, p. 111, and 
Article 68, p. 113, it has been already explained how the situations 
and levels of those leading points upon which the situations and 
levels of all other points in a piece of masonry depend, are to bo 
set out by the engineer. 
‘The principal instruments used during the pu 
ing are the cord, for setting out long straight lines, such as the edges 
of the peed the stmight-edge, for shorter straight Hines and 
the square and the bevel, for right and oblique 
mabe gaieele, for vertical or nearly vertical lines; the 
‘for horizontal lines and planes, which may be like an 
dnyerted J, with a plammet to sct the stem vertical, or what is 
better, a spirit-level, 
ye: She i fetpgatat editor! , it can be set out, and 
accuracy tested, a plum! le, being = flat, straight-edged 
Jices of board, “ils ife ured cuit pnt on a 
which line is sct truly vertical by a plammet. 
“@ straight botter,’—kot. 
the vertical, the rule toss 
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to this system, the superiicial measure of the face is 
taken in roods of 36 square yards, in order'to estimate the cout of 
the face-work; and then the area in superficial roois of the face of 


to estimate the cost of the masonry exclusive of the fice. 
tuethod is better suited to architectural than to engineering purposes. 


Spcrioy Vi—Conatruction of Brickwork, + 


254. General Principio —The following principles are to be ob- 
served in building with bricks — 

I, To reject all misshapen and unsound bricks. (See Article 
220, p. 366, 

IL, To place the beds of the courses perpendicular, or ax nearl 
perpendicular as possible, to the direction of the whi 
they have to bear; and to make the bricks in course break 

With those of the courses above and below by over-lapping to 
‘the extent of from one quarter to one half of the length of a brick. 

TIL To cleanse the surface of each brick, and to wet it thoroughly 
before laying it, in order that it may not absorb the moisture of 
‘the mortar too rapid! 

TY. To Gill every joint thoroughly with mortar, taking care at 
‘the same time that the thickness of mortar shall not exceed about 
a of an inch. 

order to prevent the use of too great a thickness of mortar, 

it is usual in specifications to prescribe a certain depth which a 

certain number of courses of brickwork shall not exceed. For 

if tho bricks are 23 inches deep, it may be specified that 

‘Pour courses of bricks, when built, shall not measure more than one 

foot in depth; a ition which implies that the average thickness 
‘ef mortar in the joints shall be } inch. 

V. To use n0 “ bats,” or pieces of bricks, exeopt when absolutely 
jpecesmary, in order to make a “closure,"—that ix, to fois the end 
‘er corner of « wall, or the side of an opening ; and even then, to use 
‘po piece less than half a brick. 

stating the | and breadth of masses of brickwork, it is 
sual to the of « brick as an unit of measure. For 
example, if are used which build to 9 inches in length, 


} brick means 44 inches, 
1 » » 9 inches. 

I} » n 1 foot 14 inch. 
2 2 1 foot 6 inches. 
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Sars fered for sustaining the pressure of carth or of 
lowing are average values of g deduced from the 
meen of th eamin Datel 375 I; 

to the practice enginoera, q= near] 
According to the practice of French engineers, g = from “3 to 2, 
Pte following is method of determining the greatest value of 7 
ki pt structure, consistent with rafety from crashing of 
based on the supposition that the intensity of the 
eee eds lates at an uniform rate from the compressed «dj 
of the bed-joint inwards, that the mortar exerts no aapreolble 
tension, and that consequently the distance of the centre of 
resistance from the compresied edge ii is one-third of the thickness 
throughout which the pressure is distributed :-— 


Let BR be the total pressure at the given bed-joint; 
pelea \ of the mass of masonry at that joint, in feets 
Tf the greatest safe presmre in Ibe. on the square foot (bein; 
aR G one-eighth of th of the crushing preasure} ir ibe false 
f=IR+ (3-37) 6; and therefor, 


1 2k 
CE te yg eee) 


‘The value of g having been fixed, let 
7 t denote the distance from the middle point of the bed to the 
where the bed is cut by a vertical line let fall from the centre 
‘ef gravity of the mass of masonry above it; 


W, the weight of that mass; and 


J, the inclination to the horizon of a line in the plane of the bed, 
ciao the limiting position of the centre of resistance with the 


Point diretly below the centre of gravity before mentioned, 
the moment of stability is, 
Me=W (q == 1) t ws j; eoeees(2) 


nin { * posing used according as the centre of resistance, 
‘the Vertical line through the centre of gravity, lie towards 


‘tides 
tame aide | ofthe middle of the diameter 


eareving Tooilification of this expression is convenient { 
a ures of similar figures and Gifterent dimensboun = 
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2 cos é—y'sin 4; anil the required moment is given by the follow- 
ing hich also expresses the condition, that moment 
shall not exceed the moment of stability of the masonry -— 
P (cos #— y/ sin 4) — M. (5) 
IE. Stability of Friction is insured when the resultant pressure 
makes with « normal or line perpendicular to the bed, an angle not 
exceeding the angle of repose of the materi: 
Let @ denote that angle. (See Article 110, p. 172) 
y the resultant pressure with the vertical is 
tec one * 
are tan WEP sind! 
and the condition of stability of friction is given by the equation, 


are *tan* Epo j= 6. 
WrPans /=* (8) 
‘This condition can always be fulfilled by properly adjusting the 


declivity of the bed-joint, j. 

264. of a Vertical-faced Buttress with Horizoutnt Meds. 
(4. M., 213.)\—Let fig. 168 represent a vertical section of a buttress, 
with a vertical faco CD, against which a strat, rib, or piooe of 


framework abuts ut (, exerting a given force P in a given direction 
GA. In order that the buttress may be stable, it must full the 
genditions of stability at each of its horizontal bed-jointa Let 
D E te one of those joints. 
Should several pressures abut ngninst the buttress, 
the force P acting in the linc C A may be held to 
Fepresent the resultant of all the forces which are 
above the particular joint D E under con- 


Let G be the centre of gravity of that part of the 
Datiress which is above the joint D E, and let W 
weight of the sinc part. Through G 
yortical line A G B, cutting the direetion 
lateral thrust in A, and the joint D E in B; 
EW =W, AP =P; complete the parallelo- 
W; then AR will represent the result- 
forces which act on the part of the buttress above 
Peat cucaly coped. A I being. pootieed 
direetly A R boing 
D Bin F, the centre of resistance of that joint, which must 
fall beyond a certain prescribed limit, that the condition of 


Hf 


4 
his 
+] 


Sere 
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pate (A, Af, 24.)— 
We ken to dma he ih pr gregrispti 
ib 
cat any te 
halgt+z 


will be its height above a given joint. Also, because the centre of 
gravity of the portion above any bed-joint is vertically above the 
centre of the joint, xs 0; and becanse 


Wewhit, 


nel. 
‘These values being substituted in equation 3, give the follow- 
erg in which z denotes the depth of the base of the wall 
c. 


Pxcosé | 
A= tetayt B Scwieceil! J (A+B4)-B...(5,) 


As the depth & increases without limit, the thickness required 
for the wall approaches the following limit:— 


t=a/ (Gab. 


a dopends on the horizontal component of the applied force 


Bog i value to be sdopted for the thickness of the but- 
that it may be stable, how deep soever the base may 
bk below the point C, then to insure iility of friction, the 
height of the top above C must havo the following value :— 


y= gee O* 9. ener / (ote ke () 


I sagt on 5 be, there may be subetituted 
BS iene of the me weight, and oon y igure. 
Stability of Retnining eon eae omar M., 

a 169 and 170 represent vertical sections of retaini 
which banks of earth sbut In each figare a vettieal 
hn, Deets oe: pcb 

D E is the base of the layer of masonry, F 
eee ean cractic, Ba pointvertically below G, the 
exntre of gravity of the weight which rests on that baw, AWa 
that weight, APs line repreeenting the throst 
of the earth; hediagonal of the parallelogram AP RW, ‘8% 

> 
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to the vertical depth O D multiplied by the ratio of the conjugate 
pressures at a point, 

Fe ee) 
P cost + e- ey 
which ratio depends on the slope # of the bank, and of 
Sere oj wd Ot ths Tovah tad peor trons OL e04 
beight 
ce) = 
CDe-y 5 
above D. For the mke of brevity (w being the weight of unity of 
Tolume of the earth), let mt ¥ ‘s 


wos #E = ,5 


then equation 18 of Article 183, p. 524, becomes 


1 i at NE | a) 


Whis force has to be wultiplicd, as in Article 263, by the perpen- 
 ddiewlar distance of F frou Prise tamara 
“Which tends to overturn the wall. Let ¢ be the thickness 
‘the angle of inclination of D E to the horizon; then the arm 
‘couple in question is 
Sort (1 +b) e-sin O45 
i by the foree P, and equated to the moment 
of the weight which rests on the base D E, gives the 
condition of stability of position :— 


ght omni ost _misit (+3) sin (845).(2) 


ose (as in Article 263, p. 393) that W bears a definite 
the weight w 2 ¢ ~ cos j of a rectangle of masonry whose 


then the first side of equation 2, being the 
etaieen lowes ‘ 


(gq) w wt cost j, 


n(7=EY) w oF cost j, 
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and for brevity’s sake, lot 
w, ' cos # f 
Tig=aewrj 
(2 + 1) sin (4+) 
pee lee 


e t 
pra-2b5. (3) 


then 


and consequently 
fs JOFPDrssetssererrenenesn dh) 


‘The inclination of the resultant A R to the vertical is given by the 
equation 


P cos 
tan WARS por arvssernnerrned be) 


When the base D Eis horizontal, this should not exoced the: 
of the angle of repose. When that base is inclined at the 
the condition of frictional stability is thus expressed ;— 


WA R=j EF jrorcersersrerserssre Ooh 


@ being the angle of repose of the foundation of the wall 

‘The object of yt the base of the wall an inclined 

to diminish the ol quliy of the pressure on Perr 
condition of frictional stability to be fulfilled, 

As to tho values of g in practice, see Article Leticia 209 Rie 

266. Menbillky of Upright Rectangular Retmiuleg wat 
218)—In a vertical rectangular wall, w=1, 71 -0,320; 60) 
equations 3 and 4 of Article 265, 


a= “fone a pb=wy (a+})sin?=4ou we (l) 


ee I When the surface of the bank is horizontal, so that #=0, 
-_ 
2 ant 
= w EEO 52; ry 
and the proportion of the thickness of the wall to te hag 


oy 





STABILITY OF RETAINING WALLS. 
b= Ve-/ {spetrienh 


a TV ee 


Equation 5 of Article 247 becomes 


see) 


Nodame 3.) 
3.qw (1—sin 9) ¢ 
-/ {3 2 (Fan #) jeune 
ae viet the wall rests is the same with that 
bank, we may assume ¢’ = ¢; in which case, paring 
@quation 3, and attending to the fact that gf 


Sint sing \? 1—sing 
hed er sing/ ‘ l+sing’ 
‘we Obtain the equation 
oe sine \? 
=(4) 
. a ti that the specific gravity of the earth is four-fifths of 
or w+w =<5+4, we find that this equation is 
value of g, 3+8, so long as ¢ exceeds 34°, 
esata tne be falélted for q= 38, a smaller value of 
determined by the tlie equation :— 


2, 


‘into equation 2 to find the ratio t+2. 
When the surface of the bank slopes at the angle of 
then to, =! cos ¢, and 


1 : 

wots ; (2+) wens oain ¢ 

an Ken! ee tates +=s(6). 
ing Introduced into equation 4 of Article 265, 


Mattering-faced Metaining Walls. (A. M 
‘171, let EQ represent the vertical face a ree 





Wt t= (G+ q) 0 LE rene 
If E Nis a straight line (Gg. 103), 
QN 
1 t= 
If E N isa parabolic arc, 


@ formula which is also sensibly correct when E N isan are of a 


‘Walls with a “curved batter” are usually built as shown in 
174, with the bed-joints perpendicular to the face of the 
This diminishes the obliquity of the pressure on the base. 

269. Coumterforts (4. Mf., 222) are projections from the inner 
face of a retaining wall. A wall and its counterforts, if the bond 
of the masonry is well preserved by means of long bond-stones 
connecting the counterforts with the wall, are equivalent to a wall 
faving successive divisions of its length alternately of greator antl 
OF less thickness, Tho moment of stability of such a wall, per 





When the foot of the slope of the bank rests on the ee eee 
wall, nearly above the centre of resistance of the base, the follow- 
ing formula may be weed :-— 


fanaa / (G23) (eas + 2c) (es 2eh.n(2) 


+271, Conurnciion ef Retaining Walts—Tho foundation courses of 
walls have their width increased beyond the thickness of 


the by a series of steps in front, as shown in figs 171 and 174. 
The objects of this are, at once to distribute the pressure over a 
greater area than that of any bed-joint in the abate of the wall, and 
to diffuse that pressure more equally, by bringing the centre of 
iwsistance nearer to the middle of the base than it is in the body of 
the wall, according to the ciples already explained in Section 
TY, of this Chapter, pages 377 to 382. 
of the wall may be either entirely of brick, or of ashlar 
brick or with rubble, or of block-in-course backed with 
rubble, or of coursed rubble, built with mortar or built dry. As 
the pressure at each bed-joint is concentrated towards the face of 
the wall, those combinations of masonry in which the larger and 
stones form the face, and sustain the greater part 
pressure, and are backed with an inferior kind of mason 
ee ee, to give stability by its weight, are well sui 
walls (seo Article 240, p 387), special carw being taken 
and face are well tied together by long leaders, and 
SS spefegeiey weiner med to a distance 
as far inwards from the centre of 
as that contre of pressure lies im 
the bare and in front of a retaining wall there should rm a 
that at the foot of the slope ofa cutting. (See Article 193, 
a igh Se opatings Unteak ie elled “ weoiar ghee 
ol it, " a 
Si mcally-Rora oc thaws inches ches broad, and of the degth of = 
of masonry, and are distributed ut regular distance, an 
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to its being disturbed the operations of excavation, 
Paling, snd ening, com tht eet of Un 


‘The holding power, per foot of breadth, of a rectangular vertical 
anchoring plate, the depths of whose upper and lower edges below 
the surface are ively 2, and 2%, may be approximately 
calculated from the following formula :— 

Let we! be the weight of a cubic foot of the earth; 

© its angle of repose ; 
Hy, the holding power per foot of breadth; then 
» dna Asine 
oa EEE. seensennreecee le) 


lopth of the centre of pressure of the plate below the sur- 
face of the ground is given by the following expression :-— 


If the retaining wall depends on the tie-rods alone for ita 
security against sliding forward, they should be fastened to plates 
on the fice of the wall in the line of the resultant pressure of the 
earth behind the wall; that is, at one-third of the height of the 
wall above its base. But if the resistance to sliding forward is to 

istributed between the foundation and the tic-rods, they are to 
at a higher lovel; for example, if balf the horizontal 
is to. be borne by the foundation, and half by the tie-rods, 
latter should be fixed to the wall at two-thirds of its height 

re the base. 
‘3. Stweuts for Ketsining Walls.—The base of a retaining wall 
be from sliding forward by « series of horizontal 
masonry or brickwork, abutting against rectangular 
whose resistance to displacement depends on the same 
with the holding power of anchoring plates, stated in 


in soft ground has a retaining wall at each side 

f of the walls Tay bs kph sxandet, aac 
ing forward, by means of a series of inverted 

extending between them, across and below the base of the 

so as to act as transverse strats. 

of such walls may also be held asunder by 
of cast iron or of brick. These ribs abut 


[I 


Hitat 
ae 


act 
ribs i 
walls at about two-thirds of their height slave ‘hee 


i 

















i ssey bs Cqulllcated ies a Sone 
backing alone, as well as when the whole 
ee pees oe tie upper surface of the solid 
id itself either be a transformed catenary, or ap- 
curve. 
©f the Miydrostatic Arch.—Tho mathematical and 
properties of this areh, considered as a linear rib, have 
ned ge bp. Sn 

uth as the thrast through this arch is uniform, the ap- 
of the method of Article 231 to it produces simply « carve 

to it; s0 that if it be used for the intrados of an arch-ring of 
‘uniform thickness, and the centre of resistance at the keystone be at 


‘of the thickness of the arch-ring throughout, or aj 
‘The word “approximately” is used, because the thrust acer thes ral 
arch is not exactly uniform, like ‘that in the ideal rib; for at the 
springing it is greater than at the crown, by an amount “equal to the 
eight of the prism of masonry which stands vertically above the 
5 but that difference i is gamer’ unin it 
A application of the hydrostatic arch to practice is founded on 
the fact, that every rec after having been built, subsides at the 
crv, and spreads, or tends to spread, at the haunches, whieh 
horizontally against the filling of the spandrils; 
it is inferred as probable, that if an arch be built of a 
tere suited to equilibrium under fluid pressure—that is, 
he psa in all directions—it will spread horizontally, and 
of the spandrils, until the horizontal pressure 
at seach pit come fal intensity to the vertical pressure, and 
therefore sufficient to keep the arch in equilibrio, 
aera to the methods already explained in Article 136 for 
drawing the figure of the arch, the Silbre ig can cay be given 
for pea er approximation to it about five centres. ur in very 
sim) ‘been found by trial'to answer well. 
BIC PB bo the hall and F A the rise of the 


a “Mako A Om 9 and BD = 
Bt the crown and springing, caleulated by the’ formule (UL 
Gnd 12) of Article 136° pall." ‘Then C will bo one of the 


# Th formate Sere ered ye ya ts te nie 
the balf-epan— 


ela ihe ee 
‘sear o=F ( +3): anit +3) 
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In a circular arch with a horizontal platform above it, lat 
¢ denote the radius of the intrados; 
aap aan hg the arcl-ring, which i is supposed uni- 


formly 

¢ the depth of loading material above the crown of the arch; 

ap the weight of a cubic foot of the arch-stones; 

w the mean weight of 2 cubic foot of the superstructure, inelud- 
aalg ‘aimepl Baiesiveng OF 


solution of the lowing equation gives the angle of 
asks 


_fv A ww!) ig = 008 iy Sin iy 
0- {Zam «(-8) gays} 
fee Be SE ee eet rib) 


2 ain* i 


which having been solved, the alesse equation gives the hori- 
Cental thrust Yor each vast of breadth of the arch — 


Hy=w rf (1+) cosine notanie} 


+(y 9) oman 2) 


lis here given in the form best suited for practical 
ta, being that of « quadratic equation between rr, and 6 with 

(iz depending on the angle iy, and on the comparative 
Teaviness of tho arch and of tho superstructure, ‘The value of ¥y 


can be calculated from a given set of values of r’, 7, ¢, and < bya 


series of trials only; but if a value of i, be assumed, dactey one 
ereses foe goutitiee can be computed exactly by eahcae iia 

Parmciet The radian of the éntrodoe x, and the eight oof the 
horizontal platform above the crown of the arch being given, to find 
the outer radius x’ of the arch-ring corresponding to an assumed angle 
of rupture i, In this case 7 is the unknown quantity; and if 
equation 1 be denoted for brevity’s sake by 


ani ev Bria, 


vaa/ (e+ roan sep Pre 


its solution is 
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then the horizontal line Q R.8 will show the lovel up to which the 
xe walls or Gilling are to be built before the centre is 


283. Cireniar Arch less than a Quedrant—In this osse the rule 
of the preceding article ia to be applied exactly as in the case of an 
arch not less than a quadrant; fo een ee ee 
thrust, it ix sufficient to take the weight of a half-arch with its 
load, and multiply by the co-tangent of the inclination of the 
intrados to the horizon at the springing. 

289. aie-walts, in the hollow spandrils of arches, are transverse 
walls at right angles to the il walls. The distance from 
centre to centre of the tie-walls may be from three to five times 
the distance from centre to centre of the spandril walls. 

290. Dept of Keystone —To determine with precision the 

required for the keystone of an arch by direct deduction 

from the principles of stability and strength, would be an almost 
impracticable problem from its complexity. That depth is always 
times greater than the depth necessary to resist the direct 
action of the thrust, The tion in which it is so in 

some of the best existing examples has been calculated, and found 
to range from 3 to 70. The smaller of these factors may be held 
to err on the side of boldness, and the latter on the side of exntion ; 
good medium values are those ranging from 20 to 40. The best 
‘course in practice is to assume a depth for the keystone according 
to sige rule, founded on dimensions of good existing 


an 

‘The following is such a rule:— 

For the depth of the keystone, take a mean proportional between the 
nadine of curvature of the intrados at the crown, aad a constant, 
whose values are, 


for a single arch... +12 foot; 
for an arch forming one of a series, agg 


‘That is to say, in symbols, 
Depth of keystone for a single arch, 

in foct = Jf (-12 X radius at crown). 
Dopth of keystone for an arch of a series, 

in fect = / (/17 X radius at crown). 
‘The following are examples :— 





ity of such a rule being found to answer in practice 
Tee 
ie 


firically from ‘exam 
paps tyes Taal 3 crap tothe co “825 n A’ in equation 
is probable that the rae ean ce a 
arch which forms ou: Scie Jondel estes, aaa 
one 





Piers, like abutments, are advantageously lightened, especially 
when very lofty, us in viaducts, by being built hollow, or by hav- 
ing archways traversing them, with inverted arches at the base. 

|. Bibbed Arches, Abuiments, and Plere—Arches and their 
abatments and piers may be made at once light and stiff, by 
Building them in deep ribs, with thinner portions of 
masonry between them; but this of course involves additional 
workmanship, 

295. skew Arches are of figures derived from those of symmetri- 
cal arches by distortion in a 
horizontal ie. The cleva- 
tion of the 


to the corresponding elevation 
and vertical section of a sym- 
metrical arch, the forces which 
act in a vertical layor or rib 
of « skew arch with its abut- 


same dimensions and figure, and 
similarly and equally loaded. 
Fig. 181 its a plan of a skew arch, with counterforted 
‘the angle of skew, or obliquity, is the angle which the 
axis of the archway, A A, makes with a perpendicular to the face 
of the arch, BCA B. The span of the archway, “on the aquare,” 
‘as it is called (that is, the perpendicular distance between the abat- 
is Jes than the span on the skew, or parallel to the face of 
, in the ratio of the cosine of the obliquity to unity. It 
span on the abo which is equal to that of the corresponding 
ition for the bed-joints of the arch-stones is perpen- 
thrust the arch. If, therefore, there be drawn. 
ofa @ series of parallel curves, made by the 
See eee verticn! pleoes rene to the face 
joint 








also, considering rib of a foot in breadth, make A, =A’; for wy 
put the dead load in Ibe, per square foot of platform at the crown of 
tie arch, and for w the rolling load in Ibs. per square foot of plat- 


Case IL. [In hydrostatic, elliptic, and semicircular arches, and 
is greater than a quadrant, make l= the span, and 
rise, of the part of the arch lying between the two joints 
make angles of 45° with the horizon. In hydrostatic and 
ic arches, make A’ = thi of arch-ring; in circular arches, 
thickness at the joints first mentioned X ‘707. Then 
in other respects as in Case I 
i wy 

Tn all cases omit the tem (+5) and substitute for 
it H < W, H being the horizontal thrust as found by the methods 
of Articles 132 to 138, pp. 202 to 218, Article 286, pp. 423, 424, 

and Article 288, p. 425, fora rib one foot in breadth, 
Equation 37, giving the greatest intensity of thrust, p,, in (be. on 
the equare foot, thus becomes 


H, F {B 3 

attr {fente (ea—28+54) }-@ 

When #’ = &, and consequently B, are small fractions, so that 
#, = j nearly, the following formula may be usod:— 


H, PB : 
nat ye {Bu,-+0207w}. vesssees(S At) 


When, on the other hand, (1+ B) + (14) is equal to or 


greater than 3, so that r, = 1, the following formula is to be used -— 


H,&sB 
aaptiel{ peat 0:288 w}. ..na(3) 


Tn transformed catenarian and circular segmental arches, an ay- 
proximation to uniformity of strength may be obtained by making 
the of each vousisir proportional to the secant of the in- 
clination of its bed to the vertical. 

297 AL Underground Archways—Tunmels—Cuiverie—If the depth 
of a buried archway, such ssa tunnel or culvert, beneath the surface 
‘of the ground, is great compared with the height of the archway, 
the proper form for: the line of pressures, which aust Vie within Une 

ar 
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ise, ¢ the thickness of its side, w the weight of a cabic foot of the 
earth; then the greatest pressure, in lbe. om the spuare foot, i8 
C+ H—O8 eh 
= TCS La ea} (2), 


and this should not exceed the resistance of the material to crush- 
ing, divided by a proper factor of safuty. 

= he that in the brickwork of various existing tunnela, the 
factor of safety is as low os four. This ix sufficient, because of the 
steadiness of the load; but in buried archways exposed to shocks, 
Vike those of culverts under high embankments, the factor of safety 
should be greater; say from eight to ten, 

How «mall soever the load may be, there ix a certain minimum 
thiekness for an underground archway, for determining which 
the following empirical rule, exactly similar to that for find- 
ing the depth of the keystone of an arch, has been deduced from 

exam) 5 The riso and “ane — 
aa , compute imately lon radius of 
eeriaNS cf thy tated hoy the Porn ar 
a 
re Pen srvcsrniaat 


least thickness tin foot— J UTI. vseeveessee (4.) 


licable where the ground is of the firmest and axfest 
“soning tipbmomeriountorthenr gered sete 
t given by equation 4; that is to say, 


from ,f 0°27 F to f 048 Fr. serssseersnsenoft A) 


‘The thickness of an underground arch at the crown may be made 
fees than at the sides in the ratio 6: a’; but the more common 
practice is to make it uniform. 

As to the precautions to be observed in embanking over and 
Dear archways, see Article 201, p. 341. 

DIS Tale of Co-ordinates and Stopes of Catenartan 
(See Article 131, pp. 200, 201, and Article 282, p 418.) 

Let m denote the modulus, Cd arene 

Ye the ordinate from the directrix to the crown; 
%, any abscies, measured horizontally from the crown ; 
g, the corresponding ordinate from the directrix; 


SY, the tangent of the slope of the curve at the en of flict 
onlinate. 





vo 
Too8° 
10200 
ro8io 
11854 
13373 
15431 
rates 
2°1509 
To interpolate the ordinate y =& v corresponding to an inter 
=e to = in the tates 
0 
make 


y=be_ xe _™ ne y ty: 
= (+5, mdy (445) 
This ane ia to be Bs by eel to the number 
next below in the table, or by subtraction from the sumber next 
ubove, according as the intermediate abscissa lies nearer to thi one 
Bae below it or to that next nee it ia inweal 
When very great ision is not , terms: 
tt may be neglected ; re those in w ane should be hr, 
uted. The greatest possible error within the limits of the 
iy y using equation | as it stands, is about Frege by 
and w', that limit of error is increased, for the greatest 
ordinate in the table, to ubout “0015. 
298 A. Kast of Authorities om Masonry. e8, pg Ts 
Cements)—Berthier, T'raité des Besais par la Voie stche, 
Vraité dea Mortiers; Pasley on Cements and Mortars, 
genenil)-—Rondelet, ‘Traite de PAvé da Basing Gauthey, 
ta Construction dea Ponte; Tredgold on Masonry (Bneye. 
Appespum To ARTICLE 250, p 574, 
% Iron Gp (introduced by Mr. Leslie) is cone 
by weight of gravel, and 1 part of iton tut spread in 
ayers, Ih ie used in peerwarke Ths rainy sea I 
degroes, and in the course of two or three months 
gravel into a hard mas, 


es 25 BE 





CHAPTER Iv. 
OF CARPENTRY. 
Section L—Of Tintber. 


299. Structure of Timber.—Timber is the material of trees be- 
ging almost oxclusively to that class of the vegetable kingdom 
im which the stem grows by the formation of successive layers of 
swood all over its external surface, and is therefore said by botanists 
‘to be exogenous. 
‘The exceptions are, trees of the palm family, and tree-like 


grasses, such as tho bamboo, which belong to the endogenous class; 
0 called because, although the stem mien partly by the formation 
of new wood on its outer surface, the fibres of that new 
do nevertheless cross and penetrate amongst those previously 
formed in such a manner as to ES mixed with them in one part of 
their course, and internal to them at another. 
‘The stems of endogenous trees, though light and tough, are too 
flexible and slender to furnish materials suitable for important 
of carpentry. They will therefore not be further mentioned 
pection except to refer to the tables at the end of the 
for the tenacity and heaviness of bamboo. 
stem of an exogenous tree is covered with bark, which grows 
formation of successive layers on its inner surface, at the 
time that the wood grows by the formation of successive 
on its outer surface. This double operation takes place in 
the narrow space between the previously-formed wood and bark, 
@ circulation of the sap. The sap ascends from the roots 
the leaves through vessels contained in the outer layers of the 
Swood; at the surface of the leaves it acquires carbon from the 
‘stmosphere, and becomes denser, thicker, and more complex in ita 
Somposition; it then descends from the leaves to the roots through 
‘yeasels contained chiefly in the innermost layers of the bark. It ix 
peered that the — of new ee. tark takes place 
or princi from tl ing sa] 
i ip is ether wholly oe partially suspend 
during a portion of each year (in tropical climates during the dry 
, and in temperate and polar climates during the winter), 
the wood and bark are usually formed in Staak avons 





SAP-WOOD AND HEABI-WOOD—PINE-WOOD AND LEAF-woop, 439 
amd the heart-wood ix in 


‘The following examples 
os rane ace 
Erivedgold (Principles of Carpentry, Section X.) 


Age. Diameter. Rings of of Sap 
‘Years —Tnabex —Sap-woed. Sap-wood., wed to 
Inchen whale Trunk. 

or 

07294 

0416 


‘The following data are given on the authority of Mr, Robert 
‘Murmy, CE. (Eneya Brit, Article “ Timber.”) 


The structure of a branch is similar to that of the trunk from 
which ose splayed except as regards the difference in the number of 
jtaly teed i nm aye of We res A branch 

Ry im in those layers of thie trunk which are 

the time of its first sprouting; it causes a perforation 

eet ceerespacint ty distortion of their fibres, and con- 
stitutes what is called a énof. (On various matters mentioned in 
has)” see Balfour's Manual of Botany, Part L, chaps. 


of 
‘trees may i i 
eerie Ge wool, Tt has already been stated that the 


Fea cles of Eason at Esogne commend to cae 
differences of mechanical structure. 

Tn farther dividing the class of Exogenous trees, or timber-trees 

‘according to the structure of the wood, a division into two 

‘at once itself, which exactly corresponds with a 
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cluster-fraited cak, in which they are sometimes so few and indis- 
tinct as to have caused it in some old ‘buildings to be mistaken for 
chestnut, The stalk-fruited oak ix the stiffer and the : 

rained of the two, the easier to work, and the less liable to warp; 
is therefore preferable where stiffness and accuracy of form are 
desired; the cluster-fruited oak is the more floxible, which gives 
it an advantage where shocks have to be borne. 

‘The best oak timber when now is of a pale brownish-yellow, with: 
a perceptible shade of n in its composition, a firm and 
surface, very small and regular annual rings, and hard ‘com 
pact Santry raya. Thick rings, many large pores, a dall 
eurface, and a reddish, or “foxy” hue, are sigus of cunt 
perishable wood. 

It is considered that oak timber comes to maturity at the 7-5 
100 years, at which period cach tree produces on an avenige 
75 cubic feet of timber; and that it should not be felled before thr 
sixtieth year of its age, nor later than the 200th. 

The species of oak in North America are very numero ‘The 
best of them are, the Red Oak (Quercus rubra), and White Oale 
(Querews alba), which are little inferior to best European 
kinds, and the Live Onk (Quercus virens) which is said to bo 
superior in strength, toughness, and durability, to all other species, 
but is so rare as to be reserved exclusively for ship-building. 

The wood of the oak contains gallic acid, which probably con- 
tributes to the durability of the timber, but tends to iron 
fastenings. 

The following are examples of trees belonging to the seeond 
subdivision :— 

IL Beron (Fagus sylvatien), common in Europe; 

TTL Awprr ui (nus gittinosa), also common in Europe; 

a TV. American Prans (Platanus occidentalis), common in North 
america, 

V. Sycamore (Acer Pecudo-platanus), also called Great Maple, 
and in Scotland and the North of England, Plane; common in 
western Europe. 

All these afford pact timber of uniform texture. are 
not used for great of carpentry; but are valuable where 
of wood are required to resist a crushing force. They Tast well 
when conatantly wet, and are therefore suited for piles that are te 
fe ae fees water; but when alternately wet and dry they 

lecay rapidly. 

304. Leatweod continued. —Chestuut, Ash, Kis.—The examples 
of timber in this article belong to the first subdivision of the 


cond division, according to Tredgold’s system, no large 
inct medullary rays, and having the ptt Remain 





soften, and a decay commences by slow degrees, 
renders the heart hollow. The age of maturity is 

for felling the tree to produce timber, Then 

ues data respecting it are given on the authority of Tred- 


Age of Matarity. 
Years. 


{ 60 to 200 
average 100 
50 to Too 
Jo to 100 


The best season for felling timber is that during which the 
is not circulating—that is to sy, the winter, or in tropical 

tex, the dry season; for the sp tends to decompose, and #0 

i The best anthoritics recommend, 

also, a8 a means of hardening the sap-wood, that the bark of 
trees which are to be felled should be stripped off in the preceding 


Tmmodiately after timber has been felled, it should be squared, 
by sawing off four “slabs” from the log, in order to give the air 
access to the wood and hasten its drying. If the log is large 
eee mee De eee into gener 
Sensouing, Natural amd Artificint—Seasoning timber con- 
sists in expelling, as far as posible, the moisture which is con 
tained in ita pores 
Noatiral Seasoning is performed simply by exposing the timber 
to the air in a dry place, sheltered, if possible, from sunshine 
and high winds. The seasoning yard should bo paved and weil 
‘and the timber supported on cast iron bearers, and piled 
so as to adinit of the free circulation of air over all the surfaces of 
the 


weasoning to fit timber for carpenter? work usally 





. 


ithin which ‘they 


Los of Weigtit. Transverse Shrink- 
per Cent. ing por Cent, 
from 12 to 25 2$to3 
- » Wto27 
6 to 25 
16 to 30 
about 40 
16 to 25, 


310. Durability and Deeay of Timber.—All kinds of timber are 
a Fare bala kept constantly dry, and at the same time freely 
yentila 

‘Timber ber kept constantly wet is softened and weakened; but it 
floes not necessarily decay, Vurious kinds of timber, some of 
which have been already mentioned, such as elm and beech, possess 
great durability in this condition, 

‘The situation which is least favourable to the duration of timber 
3s that of alternate wetness and dryness, or of a slight degree of 
moisture, especially if accompanied by heat and confined air. For 
pieces of carpentry, therefore, which are to be exposed to these 
canses of decay, the most durable kinds of timber only are to be 
thi and proper precautions are to be taken for their preser- 


"Suked Time hastens the decay of timber, which should therefore, 
in tamed be protected against contact with the mortar. 

to confined air alone, without the presence of 

eantity of moisture, decays by “dry rot,” which 

the sgeat of a fon and finally converts 


The following toh tees the comparative durability of some 
kinds of timber for ship-building, as estimated by the committee of 


Lloyd's. 
sa) ons oo British Oak, Mora, Greenheart, Iron-bark, Saal. 
lahogany, Cedar ater Virginiana.) 


snag Continental 
Stringy-bark (Lucalyptus 
North. yee White Dal! orth ag tea Chest- 


8 
5 Katey Hackoaacl, Ph Pine, oglh Ash 
6 eee rn Rock Bra 

G 


Chestnut, Bluo-gum, 





STRENGTH OF TIMBER, 451 


The following are some general remarks as to the different ways 
in which the strength of timber is exerted :— y 

IL. The Texactrr along the grain, dopending, aa it does, on the 
tenacity of tho fibres of the vascular tiswe, is on the whole greatest 
im those kinds and pieces of wood in which those fibres aro 
straightest and most distinctly marked. It is not materiully 
affected by temporary wetness of the timber, bat is diminished 
by long-continued saturation with water, and by steaming and 


ing. 

‘The tenacity across the grain, dependin; chiefly on the lateral 
adhesion of the fibres, is ppt oaderabty less the tenacity 
along the grain, and is diminished hy wetness and increased by 
dryness. Very few exact experiments have been pelea it. 
Its smallness in pine-wood as compared with leaf-wood forms 
marked distinction between those two classes of timber, the 

roportion which it bears to the tenacity along the grain having 
hex found to be, by some experiments, 


Tn pine-wood, from 1-20th to 1-10th, 
In leaf-wood, from 1-6th to 1-4tb, and upwards, 


IL The Resistaxce ro Sirmaniso, by sliding of the fibres on 
exch other, is the same, or nearly the same, with the tenacity 
across the grain, As to shearing across the grain, see Article 323, 


460. 
“4 TH. The Resistance to Cavsurse along the grain, depending, 
as it does, on the resistance of the fibres to being mee or 
“apeot,” and split asunder, is greatest when their lateral jon 
is has been found by Mr. Hodgkinson to be nearly 
ran eres fo dy timber as for the same timber in the green 
state. In most kinds of timber, when dry, it ranges from one-half 
to two-thirds of the tenacity (p. 236). 
iments have been made on the crushing of timber across 
the | ge which takes place by a sort of shearing; but they have 
not led to any precise result, except that the timber is both more 
ible and weaker against = transverse than against a 
i re; and consequently, that intense tranaverse 
a pieces of timber ought to be avoided, 
~ The Moputvs or Rurrons of timber, which expresses its 
Fesistance to cross-brenking, is usually somewhat lesa than its 
nag hl bat seldom much Jess. (See Article 162, p. 252.) 
We Facror or Sarery, in various actual structures of car- 
pentry, ranges from 4 to 14, and is on an average about 10. 
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Surrurwexrany Taney or Prorxerixs or Tistaze Gnows tx Orson; 
SKLECTED AND COMPUTED FROM 4 TABLE oP THE Paopantixs o¥ 
NINETY-S1x KINDS OF TrxmeR BY Mopuar Apeiay Mexpis 


‘Tone. 


Aludel (Artocarpus pubescens),... 

(Chloroxylon Swieten 5 
oa iro See wee 3 
Caluvere. See “ Ebony.” 


Cos (Artocarpus integrifolia),...0. 1,810,000 
Ebon; Cal 

lah lnvere (Diaspyros 1,360,000 
Gal or Hal Mendora (Valeria 


—1) 1,530,000 
Tal “Milile (Berrya Ammonia), 970,000 


Ironwood. See “ Naw.” 

Jnok. See * Cos.” 

Mee ens ste age 1,880,000 
‘Meean Milile ( Vitex ezine), 2,040,000 

Naw (Mesua Nagaha 2,580,000 

Palmira. See “Tal.” 

Paloo (Mimusops hexandra), .. 


Satinwood. See “ Burute.” 
sable. (Thespesia ) 
Tal ( | Rabelliforiis) 
Teak (Fectona grandia), . 14,000 55 


Apprmioxat Data prow THE Expenivents or Capra Fowih 
RE, Carrain. Marne, RE, axp Mopuan Mexpre 
Teak from Johore ater Peninsula), 19,400 
Teak from Cochin- 12,100 
Tree tm Moule. 11,520 
- Lie )from 24,400 


22,500 
any, "in Tables at oat of 
lume, 
Biringy-bark seclaates as 
gantea) from Australia,. 





‘TIMRER—VALUE—JOINTS AND FASTENINGS. 453 


312 A. Comparative Value of Timber—The following table shows 
approximately the tive prices of different kinds of timber 
gar Setatn, Har OF the t Russian Red Pine being taken as the 
anit. 


- oor to o'93 
« 0°92 to 100 
ry 


Secrios IL—Of Joints and Fastenings in Carpentry. 


S15. Classideation and General Principles.—The joints, or sur 
faers at which the pieces of timber in a frame of carpentry touch 
each other, and the fastenings which connect those pieces together, 
are of various kinds, according to the relative positions of the 

i and the forces which they exert on each other. Jointe 
Robison and jd; and thoso authors are 
in the following classification, which will be 

ilerstood by referring to the previous portion of this 
which relates to framework in general, viz :—Part IL, 
pter T., Section TV., Articles 111 to 122, pp. 173 to 185:— 


Fastenings be classed as follows :— 
Foch treenails, nails, spikes, secrows, and bolts; 
are exposed principally to shearing and 


Thee according to Laxten's Builier’s Price Basle 
far WL Os phen oti et ed To scastlings being 2a, D1, par cada Wak. 
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Straps tic-bars, including iron stirrops and: 
vol big Seaton which are exposed principally to 
. Sockets, 


In designing and executing all kinds of joints and fastenings, 
the following general principles are to be adhered to as clomly as 
=4 be practicable >— 

. To cut the joints and arrange the fastenings #0 as to weaken 
the pieces of timber that they connect aa little as 

i. To place each abntting surface in a joint as nearly as possible 
perpendicular to the pressure which it has to transmit. 

IIL. To proportion the ares of each such surface to the 
which it has to bear, so that the timber may be safe against injary 
under the heaviest load which occurs in practice; to form and 
fit every pair of euch surfaces accurately, in order to distribute the 
stress uniformly. 

IV. To proportion the fastenings, so that they may be of equal 
strength with the pieces which they connect. 

V. To place the fastenings in each picce of timber so that there 
shall be sufficient resistance to the giving way of the joint by the 
fastenings shearing or crushing their way through the timber. 

31d, Lengthening Des ix performed by isting or by somefing. 
Ina fished joint the two pieces of the tie abut end to end, and are 
connected together by means of “fish-pieces" of wood or iron 
which are bolted to them; in a scarfed joint the ends of the two 


Fig. 189. Fig. 190, 
ths tie overlap cach other. Pig. 187 is a Guhed joints 
189, and 190 are called: searfs; though in fign 188 and 
ies are in fact fished with iron as well as 
papas sont the fish-pieces have plane surfaces next 

it the connection between them and the tie for 

of tension depends wholly on the strength of 


the 
the 
together with the friction which they may cause tes 
|-pieces against the sides of the tie. Tint oly eaten 

‘8 its effective sectional area is diminished by the bolt-holes. 


ofthe bolts could teat lest one 





effective area of the tie as the tenacity of the wood is great 
its resistance to shearing; as to which proportion, 

450. The same rale regulates the places of the belt-holes in the 
Fibs eaplocor us Ube parts of tho tie any: clay be combo 
indents, a5 at the upper side of fig. 187, or by jopgles or heys, as ab 
the lower sido of the same figure. In either case the effective area 
is reduced by the cutting of the indents or of the key- 
and B. The area of abutting surface of the indents, or 
seats, should be sufficient to resist eafely the greatest 
exerted along the tio; and their distances from the ends 
the fish-picces and of the parts of the tie should be sufficient to 
jist safely the tendency of the same force to shear off two layers 


y ith plates of iron, due regard being 
greater tenacity of the iron in fixing the proportions 
and the iron fish-plates may be indented into the 
ig, 188 ts a joint in which the parts of the 
ie are scarfod together, and at the same time fished with 
hich are indented into the wood at the ends, 
te m searfed joint for a tie, which will hold 
aid of bolts or straps At C is a key or jogele 
kind of wood, which is wedged in so as to tighten the 
tely. The depth of the key is one-third of the depth 
Ye inevident that this joint, as shown in the figure, 
third of the strength of the solid timber tie; but its 
be considerably increased by bolting on iron fish- 


B 
ws a scarfed joint with several keys, which should 
ly tight. It is also fished with iron plates, 
wood at the ends, Tredgol 
ical rales are given for the 
-aresceptpeeed rediit A and B in each of 
bear to the depth of the tie:— 


Witheot With With Bolts 
Teafwood (as Ouk, Ash, or Elia] ao" re 
or 
Pine-wood,.... 


enevereerseoe a te 6 4 


wapk 


i 


of fibres. 
Ati 


FSead ELS 
FeLi ei Fes 
flies tatee 
] 
zg 
2 
z 
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Por oak, b= gt; for Br, bE. sss somnnll ) 


‘These joints may be made more secure by binding the rafter and 
tie with a bolt or a strap, in a direction making as acute 
an with tho tie as is practicable. The chief object of this is 
to hold the rafter in its place in case the end of the tie should give 
“oe (See fig. 197, p. 462.) 
Serenata ped pepo athe 
jnappropriate names ing) and queen: ye 
Riitaigiipte atmecdlsig sce ii tho contre oro haae aie esac 
ing pieces i ition. A suspending piece 
ig8 from the point of junction of two struts or poi es and sup- 
ports at its lower end ¢ither a beam or the ends of one or more 


A strut or rafter may be connected with a suspending piece by 
Scent] Sgainst a notch cut in its side, or against a shoulder 
formed by an enlargement at the end of the suspending piece; and 
in either case the distance of the notch or shoulder from the end 
Of the piece is to be determined by the formule of the priceding 
article. When a single suspending piece supports » beam at its 
Jower end they are connected by 
means of an iron stirrup. 

A better method is to make sus- 

Peniling pieces in pairs, so that the 
Betas fron ic they bang may 
abut between them directly against 
‘eoeh other, aa shown by the cross- 
fig. 195, and the side view 
© and F are the ends 3 
sand Bibeupper ends TEE Me 06 
pieces, notched upon the rafters, and bolted 
through the blocks or filling-picces D and E. If 
be de ‘upside down bes will represent the bac 
1 pai ing-picoes, forming 1 wooden stirrap 
rapper of stro fi cds of a palr of strata, an tho case 
Pine—Treenaits—Wooden pins, as fastenings for joints, 
of diamoter, are known as fresaaile, Experiments 
been on their resistance toa cross strain by Mr, Parsons, 
for the details of which, eee Murray On Ship-building ; the resulta 
be summed up with sufficient exactness for practical purposes 


"7 E That the ultimate resistance of English owe treensils to 0 


I 


ha 
aS 


apece 
ie 
Ha 


7 


Pa 


i 
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suring ohceae scromn the geal 1s Ries 0ST oe ea 


IL, That in order to realize that strength, the planks connected 
by the treenails should have a thickness equal to about three times 
the diameter of the treenails. 

323, Naite and Spikes-—Where nails are exposed to cone 
siderable strain those made by hand should be used, as 
stronger than thoso made by machinery. 

The weight in Iba of a inlaws ris vt a keg 
commonly used in carpentry may be roughly comput taking 
twice the square of their length in inches. 

The nails or Tice used for fastening planks to beams are 
usually of a length equal to from twice to twice and a-half the 
ote fal aly the resul stated by of experi: 

The following are results, as - 
ments by Saree on the force required to by rele different 
sizes out of Dry Christiania Deal, into which they had been driven 
to different depths across the grain:— 

Rind of Nails, engi» a bp Ena iy dra 

044 = 4560 Og. 

053 «3200 O44 

a5 6:8 "50 

Cast iron nails, ... 1:00 o'50. 

ivepenny nails, 2:00 150 

Sixpenny nails... 2'50 100 

2150 15° 

is ace 2°80. 2°00 

So far as these results can be expressed by a general Inw, 
teem to indicate that the force required to draw.a nail, Pras 
across the grain of a given sort of wood, varies nearly as the oubea/ 
the square root of the depth to which it is driven; and that ib 
increases with the diameter of the nail, but in a mannor whieh 
has not yet been expressed by a mathematical law, 

‘The following are the results of Bevan's experiments on the forse 
required to draw a “sixpenny nail” of 73 to the Ib, which bad 
been driven one inch into different sorta of timber:— 

Deal, across the grain, . 187 Iba. (as above.) 
Oak, ” . 507 


” 

” ‘ 37 w 

Green ‘Sycamore, : is 
son 

Deal, endwise, 

Bim, a ” 
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The following wore the forces required to draw asunder a pair of 
planks joined by two nails of 73 to the Ib. :-— = 
Deal inch thick, ve ta Th, 
Oak 1 inch thick, . TOOD 
‘Ash 1 inch thiek, ny 1420-5 


83°» 
|, Bolte—Washers—The rules for proportioning bolts which 
withstand a shearing stress in carpentry have already 

been stated in Article 314, p. 455. 

Hides of a piece of timber should always be ected against 
action of the head and nut of a bolt by means of flat 
“washers ;" the area of each washer being at least as 
times greater than the sectional area of the bolt.as the tenacity 
bolt is greater than the resistance of the timber to crushing; 
to say, for fir the diameter of the washer may be made about 


bolts are usually made of the followit 
so: the depth of the thread me pe k eeee 
Seni mth ae Acre 1 Oe 
made ‘ing a slot or oblon; in one 
Raaghreckiek w ieey or wel is driven. s 


Hl 


ie pea aioe ane noe ey 
together. They have the advantage of not 
the timber to be cut away a8 ‘lta do. 


fi 








in coal-tar, especially if the of iron have first 
Sonn ee 
i solange of iron to the temperature of meltin 
uring their surfaces, while hot, with cold Finseod if 
and forms a sort of varnish. This is recommended by 


UL Sorts fit get peed which must be renewed from time 
i oil process is a good proparation for paint- 


; ing with zinc, commonly called galvanizing. This is 
jent, provided it is not exposed to acids capable of dissolving 
; but it is destroyed by sulphuric acid in the atmos- 
where much coal is burned, and by muriatic acid in 

the neighbourhood of the sea. 


Secrion 11. —O/f Timber Built Beams and Ribs. 


331. Soggted and Endeated Bulle Heawe.—In fig. 198 two 
pieces of timber are built into one beam of double depth of 
either, by the aid of hardwood keys 
‘or joggles, which resist the shearing 
strees at the surface of junction, and 
of vertical bolts in the between Pig. 188, 

It is obvious that no key nor f 

bolt should be patat the middle of the span; because in general there 
Gs no shearing stress there; and also because the bending moment 
is in general a maximum there, and it is desimble to weaken the 
cross-section as little as possible. The grain of the keys should rin 
vertically. According to Tredgold, the joint depth of all the keys 
should amount to once and a-third the total depth of the beam, 
and the breadth of each key should be twice its depth. 

Considering that the stress at the neutral surface is equivalent 
to thrust in a dirvetion sloping : : 

Bombined with tension Poteet 
i at 45° the 





TIMBER RIBS—TIMBER FRAMES—PLATFORUS, 


cach other (as the plan shows), and 
connected together by square bolts or 


In fig. gg ha planks 
are either to have been Fig. 204. 
iT ly curved, or have had the 
corners smoothed off: in fig. 204 it is shown how they may be 
SRS = 
A built nil sort, constructed, is as stron: 
pee die ofthe mno id of a breadth leas by the thiake 
ness of one 
Seen eee are compoend, as in fig. 205, of Is: 
plank laid flatwise, breaking joint is Baca! 
and bolted together, They are 
easily made, and v 
in bridges and roofs; 
nts of Ardant have shown 
they are weaker than solid 
ribs of the same dimensions, nearly in the ratio of unity to the 
number of layers into which they are divided, 


Srcrion IV.—Of Timber Frames and Trusses, 


335. General Remarks on the Balance, Stability, aud Strength of 
‘Timber Praming.—The general principles of the balance and stability 
of frames and ribs of avy material, already given in Part IL, Chapter 
L, Section IV., pp. 73 to 203, and the general principles of the 
strength of materials, given in the same chapter, Section V., pp. 
321 ty Bie serve to solve all problems relating to the balance, 
ea are pesamiigt in Rapente Tn the Eee 

len Serna some explanations of 
ths _ tr cases = whi occur most 
in transverse dimensions, or 
reall te Se dee titans which compose a 
structure of carpentry, made of pine, fir, or oak, it is usyal to 
i ity of the stress, whether com or 
. per square inck of section; and when this is 
i i ing, and modulas of 


of timber, it appears that the factor 
6 to 14, or thereabouts, and is on an average I 
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jace when blowing against the side of the re, AB 
aeae ay ike tocorals (oe Fin Case VIL ot he tall, pate 
intensity of the pressure of the wind hitherto 

tain is 55 ths on the 
said sometimes to reach doul 

When there is no special reason for makin; 
close-jointed, it is advisable to lay the plan! 
between them of from 4 inch to 4 inch in width, i 
rain-water escape and air cireulate. 

337, ReeG—Covering and Lond—The parts of a 
distinguished into the covering and the framework. The 
the covering of a roof is usually expressed in eyuares and 

are of roofing being 100 square fect. The following table 
the structure and weight in lbs, per square foot of the most 
kinds of covering for timber roofs, and their fattest ordinary: 


zg 
fp 


Marcmat. 
Sheet copper, about 022 of an 


Shect iron, plain, ; inch thick, 
1”: corrugated, ..... 

Cast iron plates, 9 inch thick,. 
Slates, . 30° ta 22; 
Tiles, 30° to 22, 
Boanling, 3 inch thick, 224° 

(Weight of other thicknesses in 

proportion.) 

‘Thatch, .. - 4s" 
For the ig of slated and 

tiled roofs, add per square foot, from 5°50 to 6:50 
For the pressure of the wind, ue- 

cording to Tredgold, there is to 

be taken into account an ad- 

ditional load per square foot of 


eo 
Sheet copper is nailed on boards Sheet lead, zinc, iets 


slates, and tiles, may be cither nailed on laths or battens | 
are slender piveos of timber of from 1 incl by 1 ineh tol) inch 


* The angles set down for the slopes of roofs In this table are . ‘* 
circumference, such angles being at once the most convenient fis 
and the most pleasing to the eye, (The latter feet appeaes to have 


out by Ste, Hay tn his Theory of Beauty.) 
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ing-bolt; it supports the weight of tho middle half of the tie-beam, 


Ld 
co pee : 
a B 
Fig. 207, Fig 208, © 
and of ‘any flor or other loed with which, that Deant image 
} 


In the dingram, fg. 208, the verticul line CA 
load on the point 1; t is, half the gross weight of 
and O A, parallel to the two rafters, represent the thrusts along 
them; and the horizontal line O B representa the tension along the 
tie-beam, 

‘The algebraical expression of this is as follows:— 

Tet W te the grows weight of the trom, togediar witht Mab ae 
the division of the roof, of which it occupies the middle, and that of 
the floor, or other load supported by the tie-beam. 


6, the half-span of the trass, 

&,, its rise. 

1H, the tension along the tie-beam, 

T, the thrust along each of the rafters; then 


u-Vs, Te a/ (ut+ We es: 


IL Trarezomar Tross—In fig. 209, B B B is the tio-l 
and © two equally inclined principal rafters, F a horimmtal 
or straining-piece, D and E are suspending-pieces, to carry 
the weight of the tie-bests, and 
also that of the floor, 


Fig. 200. 


applies to this case; it being understood that OC B. 

the loads on the points 1 and 4 respeetively; that 

those paints, one quarter of the weight of the roof and 

the weight of the floor between the pointa 5 and 

zontal line O B represents at onee the tension along the te-beam, 
Lor thrust 5p the straining-piece P, power 

© part of the roof above the straining-piece F may: n 

flat, or may be supported by & emall triangular ry trees 





(ece Article 121, af 18), similar to fe. 207, and 


mote tae so co nse 


bes pede tite tn 


Brie 2 wags 3 anid, ok cera eke ae 


¥ 


7 
Fiz. 210. 
intermediate points; 2 3 is the great tie-rod; 17, 65,8 9, suspend- 


57 6,7 8, 5 4, 9 20, struts. 
1) Truss 1 2 S—The load at 1, ax before, is tobe 
taken as = 4 W, ani the stresses found by equation 1 of this 


(2) Seeondary Trusses 7 6 3,7 8 2—Tho load at 6 is to be held 
to comsist of one-half of the load between 6 and 1, and one-half of 
the load between 6 and 3; that is, one-half of the load between I 
asd 3, or } W. The trusses are triangular, each consisting af two 
struts and a tie, and the stresses are to be found as in Article 115, 
Bp 177; that is to my, let H’ denote the horizontal stress in each 

‘these secondary trusses; T’ the thrust along the rafters between 
Gans 3, and between 8 and 2, duc to their places in those trases > 
and S dhrast along the struts 67 and 87; then 


wayeray/ (w+) is=4/( +H): @ 


ZF so sear riya oaerte g! 
‘of the load on 7 8 2; that is, §-F- W =a 
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this, together with $ W, which rests directly on 1, makes up the 
Toad of 4 W, already mentioned. 

fe Senalle: Secondary Tree SS 
4 10 sustains a load of 3 W, from which the streees on the 
bars of those smaller trusses can be determined as follows>— 


Wa ye Tas a4 / (H+ Th): enenlS) 


One-half of the load on 4, that is, 7 W, hangs by the suspen- 
fion-rod 6 5; and this, together with } W, which rests directly on 
6, makes up the load’ of } W on that point, formerly mentioned. 
‘The same remarks apply to the suspension-rod 8 9. 

(4.) Renultant Stresses.—The pull between 5 and 9 is the sum of 
those due to the primary and larger secondary trusses; that between 
5 and 3, and between 9 and 2, is the sam of the palls due to the 
primary, larger secondary, and smaller secondary trusses; that i 


to aa 
a BAR ae eas: ee | 
TE = es one .) 


‘The thrust on 1 6 is due to the primary truss alone; that on 6 
to the primary and larger od truss; that on 4 3 to the 
Primary, larger secondary, and smaller secondary trusses; and 
similar ly for the divisions of the other rafter. 

5.) General Case,—Suppose that instead of only three divisions, 
there are n divisions in each of the rafters 1 3, 1 2, of fig. 78; 90 that 
besides the middle suspension-rod 1 7, there aren — 2 suspension 
rods under each rafter, or 2» —4 in all; and — 1 slop 
struts under each rafter, or 2n— 2in all. There will thas be 
2m — 1 centres of resistance; that is, the ridge-jotnt 1 and m —1 
on each rafter; and the load directly su, on each of these 


points will be 3. 


H+H= 


‘The total load on the ridge-joint 1, will be as before, w, that 


isto cay, IY directly supported, and (14) tung by the 
rod. 
load on the upper joint of any secondary truss, distant 


ge joint by m divisions ofthe rafter, wil be, "—™* > 


sto say, SY directly supported, snd “—"—1 W hung 


—a 
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ae He ot cle en ae and 

asin Article 115, are to be combined 

give the horizontal streas H,, the thrust 

T,, and the thrust along the strut in that 


which has its highest point at m divisions of the 
ridge-joint :— 


H = ; (boing te same for each secondary truss j.(.) 


T= 4/ (+ “nev G+) oa (6) 


(also the same for each secondary truss) 


Say / {r+ peo mp a a / (p+ (o-my). 7) 
It follows that the total tensions on the several divisions of the 
the rafters, 


com- 
meneing at the divisions next the middle suspending-rod, are as 


follows (making W,° = 17, and 4 / (+1) = T, as in the 
equations 1); 
H(i++);H(1+2); &,... . w-22#=1@) 


n 
a; (1+2); 7 (145); &e, . 2 RE 


Tn timber roofs, instead of resisting the horizontal thrust of such 
struts 2545 and 910 by means of tie-rods, it is usual to make 
ends abut against a horizontal strut or straining-piece 
top of the main tic-beam, and extending from 5 to 9; 
being to give transverse strength to the tie-beam. In 
emepeess2e store slong sie. wbabe lang Ete Hes 

n— 

being H--——. 

TY. Gormic Roor-Trusses belong to the class of “Open Poly- 
gonal Frames,” already mentioned in Article 117, p. 179; and they 
exert oblique thrust agninst the walls or buttresses which support 
t © fuming is 40 designed as to make the horizontal com- 

it of that thrust ax «mall as possible. 
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the mean share of the rolling load borne by each girder will bo 

W +4 
To find the deviations from that mean share, let 
OB=5,; OA=%; OC&—as; ODa—s; 

and let the horizontal diatance from O to W’ be sy 

The deviation from the mean of the load on any girder whose 
distance from the centre line is + must bees; a 8 co-efficient: 
to be determined by the condition that the momont of W’ 
to O is equal and oppostte to: the ke at HS aaa oe ean 


ances of the beams relatively to the eume axis, 
PA in symbols, gives W’ 2 = 2a (si + 23); whenee 


=i Tle ap! And the shares of the rolling load en theta 
les are a8 follows :— 


oaks w tenn (tsgtg)) 


on B; Wan, =W (+ 3a) e 


ono; Ya, =w(} -vg 


oD; Was =W (3839) 


When the share of the load on D, as often haj proves to be 
negative, it shows that the girder furthest from he eeu track is 


ynulled upwards by the platform. 

A atariael reat lot the bridge be one under an ones 
narrow gauge railway, and let the four girders be exactly under the 
four rails respectively ; so that we may make, with, sufficient ae 
curacy for the present purpose, 


5 == 3 feck; my = 8 fects ay = Bh fest; 

iheny toad on A=W (1-+ 22) =4o0nW" 
» Baw(} +33) 49007 
» C=W(j— a) =+as7W 
» D=W G= #)=—0ow 





Tt consists of four elementary trosses, viz :— 
4 loaded at 2 and 3, 


» 5» 
» & 


123 

156 

178 
1 


9 


hut all those trasses have the same tic-beam, 1 4; and the pall 
along that tie-beam is the sum of the pulls due to the four 

‘The vertical lines represent suspending-pieces, from whieh 
{ie-beam is hung. The tie-beam supports the cross-beams of | 
ilatform. 
: Ast drabgemnint of struts, mules ste eee 
without the peso or saps ee 


eae 
ADDER ES 


mem in the postin of 
parts of the suspending-pieces in the figure, to give sufficient 
stiffness to the struts, 
343. Dingouatty-braced Girder.— This sort of 
girder, of which 214 is a skeleton 
was first introduced in America by Mr 


5), and 
Fig. 215. which abut into iron 

* scale in fig. 215. Tn tho latter figure A 
upper or compressed boom, and B the lower or extended boom; 








Be Fb entrerceeeeeneteeree by 


The value of the direct thrust is 2 H=w 1, as given by equation 1. 
By the use of these values in tho formule of Article 340, x. 475, 
the scantling for the rib may Le computed. ‘The 
of the rib being hinged at A B is not perfectly 
practice; but it will not lead to any error of importance, 

346, Timber Spandrits—When 

arches support a level 
spandril in general contains a 
upright posts for transmitti: 
from the platform to the 
zontal beam on the 

Fig. 318. posts should have strength and stiffuess 

suflicient to resist the Joad between ench pair of 

‘To stiffen the frame transversely, the poste which stand side by 
side should have diagonal braces between them; the amalJest trans- 
verse dimension of any brace not being less than about one-twentanth 
part of its length. 


©, 1, 2, 3, &e. (like the saspending-rods in Article 343). Tet 
AN be the total number of longitudinal divisions im the 
pando 1, the nenlura of te joker bohessa ane 
a } brace is situated. 
4, its length, and & the difference of level of its ends. 
ww, the greatest fravelling load on one post. 
T, the greatest amount of thrust slong the diagonal; then 
we xn(a+}) 
de Sie pee) 


For the diagonals between 0 and 1, indicated by dots in the 
figure, this expression is = 0; but nevertheless a pair of dingonals 





may be placed there, ) 
between 1 and 2, in order to give additional stiffness. 
It is possible that when the arch is partially loaded with a 


piece, let m be its number, and wo" the dead load resting upon it; 
then compate the value of the following expression :-— 


Vow OF) wr (2) 


and if this is positive, it will give the greatest tension on the 
‘ight; if null or negative, it will show that the upright acte 
‘a8 a strut or post, and never as a suspending-piece or tie. 
Another mode of construction is to make all the diagonals fron 
tie-bolts. In this case equation 1 will give the greatest tension on 
any given bolt. The Mel ad will always act as and the 
greatest load on each will be given by the following formuls::— 


a@—1) 


Vewtw {1+ ¥ }. ee (3) 


SUT. Timber Bowstring Girder. (Fig. 219.)—In a girder of this 
Kind, o timber arch springs from a tie- 
supports the cross-beams of 
the platform, and is hung from the arch at 
intervals by vertical suxpending-picocs or 
rods, with di braces between them. 








Let P be the total vertical load arising from the pressure of the 
Rear etoner oo The 33h between! O'and Ds tion 


Pa [7 pda... eeee() 


and the yalue of this, when the arch is complete all but the key- 
stone, is : 
P= [% pda (making » =0);. (2a) 


% Mest Tac horizontal distance from the middle of the span to 
for which p = 0. 
the rib, instead of resting on a series of posts, as in fig. 221, is 
ay as a girder on the abutments or piers of the arch, or on 
i iers of its own, 
Lat ¢ be the half-span of that girder; 
MM, the moment of flexure in the middle of thespan; then 


M=Pe— [Spedz; m2 
and the greatest value of this is 
M, =P,e— [2 pede (for y=0) 


Formula 1 a. serves to compute the greatest load to be borne by 
the laggings or boleters; equation 2 serves to compute the load on 
any vertical post, or the vertical component of the load on any given 

iece, or segment of the rib immediately under the laggings; 

and the total transverse load on such a piece is 

P00 F owes cesses 

@ being its inclination to the horizon. 
2a. gives the greatest vertical load on each half of 
}, and serves to compute the total strength required for its 
Sate eh ar aan, 5.4 ences to compute the sirwrgttt 
ii rib acts as a girder. 

(2.) Circular Arch not exceeding 120°.—In an arch with a cireular 

intrades, we havo— 


2 =rsiné;y =r(1—cos¢); 
Mo =F sin fy; Ho = 1 (1 — cos 4); 


mer sn 4; y, =r (1 — st); 
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Let s, 4, denote lengths of ares measured from A in foot. 
Let the weight per foot of intrados w be constant. Then ths 
normal pressure per foot of intrados is 
3 —?2 
Frm (1) pw (2 eos b— crs A) sto — YEH, fy 
and its greatest value for a given point, 
\ aor 


1) A) w cos # = w * —— a) 


‘Tho vertical load between C and D is 


wu(8) 


(2 Pswr{?—%—sin # (cos 4 — oot 


=w{s—4—20—n)} 


which, when the load is complete up to A, and D is af the spring- 
ing, becomes 


P,=wr{s,—sing (1 — con 4) | =aofs, 28} (6a) 
in which last expression, the load on the half-rib is given in terms 
of its length, s,, its hafspan, x), and its rise, yy, 

The greatest moment of flexure, M,, on a girder-rib of the Inlf- 
span ¢, is as follows :— 
2 
M, =P e—wrt (1% 5 Fett) 
kee —y yey po) 
oe er 
Tn employing these formulm, it may often be convenient to 1se, 


following expressions for computing the radius r and length # 
‘apy given are from its half-span x and rise y:— 


ra (yt%) 220 +34—-% nearly. (8) 
Toad 
let A B be a quadrant, described about O with a radius 


ing that of the intrados. Let C be the point up to which 
has been built, aud D any other point in the intradox 
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Conceive that the of the radius A O represents 1, th 
weg fot often ne 
C draw C E|| A O; bisect © E in F, from which draw 


¥ H|| 0 B; daw DG || A 0; =! 
. ; 
5, « 


then will DG represent the normal bs 
Pressure on each lineal foot of the 
ribat the point D; and the shaded * 
Brigit” ten” 


area C D G F will represent the 
vertical component of the load on 
the rib between C and D, both in 
amount and in distribution ; that is to aay, 


§AO:w::DG:p 
:CDGF:P, 


The point H is that below which the arch-stones cease to 
on the rib, when the arch has been built up to the point 

‘The case in which the rib is completely loaded, the arch being 
finished all but the key-stone, is represented by fig. 223.  Bisect 
the vertical radius A O in K, and conceive A K to represent «} 
draw K L||0 B; L will be a point below which tho stones do not 
Treas on the rib (supposing the arch to extend so far); and at that 
pot #= 60°. Let D be any point in the intredos; draw D Mj 
AO; then 

AK:w::DM:p 
::ADME:P; 


and if D is the spriaging of the arch, A D M K represents: the 
Vertical load on the half rib, P,. If the arrow P in the figure 
represents tho position of one of the two supports of a girder rib, 
OP =c in equation 7, 

(3) Circular Arch of 120° and uproarde—Because the arch-stones 
be the point where the inclination of the intrados to the horizon. 
is 60°, do not press upon the rib when the load is complete, the 
value of P, for ¢, = 4 applies also to all greater values of 4; it 
Leing understood that in every such case we are to make 


x - 
So Vi 866 75 y= 55 4, = 1072 ;...(9.) 


whatsoever the actual riso and span of the arch may be ‘This 
gives the following results :— 
P, = 6142 wr;.. 





4 Soo BI 
fatiailtire! 


seEas 


all 
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(3.) Trussed Girders, as applied to 
297) by tho centre of London Bridge. 
about one-fourth of the span at each side the support was 


being given by vertical posts with diagonal braces between them; 
while across the middle half of the span the rib formed a 
diagonally-braced girder of great stiffness, its depth being about 
one-fourth of its span, ‘The striking-plates were longitudinal 
and horizontal. 

The ribs of a centre should be bruced together transversely by 
horizontal and diagonal braces, 

In framing centres it is desirable to use the pieces of timber in 
such @ manner that they may be afterwards applied to other 
Purposes. 


(Anprxpux to Article 174, p. 280, and Article 312, 
pp. 400 to 453.) 


B49 A. Resttance of Timber to Tersion—The following are the 
resnits of some recent experiments by M. Bounicean on the 
resistance of timber to twisting and wrenching, extracted from 
® paper in the “Annales des Ponts ot Chaussées” for 1861. The 

jents are modified so ax to suit the formule of M. de St. 
Venant for resistance to torsion, which are more correct than the 


ordinary formuls employed in the original paper. 


—~ 
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Modulus of Rupture Modulus of Trans- 
by Wi verve Elasticity, 


Si 
he Lian the 
Lis. on the Square Lbs. un the Square 


Tred Pine of Prossia, 2,064 116, 
1,273 6x, 
1,863 76,000. 
50 82,400 
1,950 76,000 
For the formalw of M. de St. Venant, and their investigations 
sec his notes to a recent edition of Navier's Trraité de la Resistance 
des Matériavz. 
The following are the formule applicable to square bars:>— 
Lat A be the breadth and thickness of the bar. 
M, the moment of torsion required to wrench it asunder; then 


BE Se 208 SW. .rescvrvesssesesssnentes (1) 
Also, let J be the length of the bar. 
M’, any moment of torsion. : 
#, the angle, stated in are to radius unity, through which the 
bar is twisted by that moment; then 


Me 


Avpexpem To Anricix 343, p. 480. 
4 t the most economical angles of incliaation for diagonal teaces, see papers 
in the Ciel Eagincer and Architect's Journal for 1861. 


Appexpux ro Anricux 549, p. £90. 
369 &. Seriking of Centres by means of Rand.—This proces was Ent 
M, Basdenoulin, perfected by M. de Sazilly, aed carried into 
‘Ansterlitz, in Paris, by M. Bouziat, 
riking-plate consists ef a timber platierm, oa which stand = 
i-iron cylinders, of nearly 1 foot in diameter, and 1 foot fa 
of ath fits ca a circular wooden dise about 3 inch thi 
inch above tha bats of each cytinder are fear round beles, of about 3 inch 
stopped with corks. Each cylinder i filled about two-thirds er 
‘clean dry rand; and upon the sand reste the lower end of a 
looeely fitting the eylinder, which plunger Js, in fact, the 
upright posts of the framework of the centre. “The joint between tbe 
he eae is snpped with plaster, to prose the ead from melaura 
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‘The following are the most common conditions in which iron is 


found in its ores :— 
br Per, 
Abae TrWane ino 
L Native fron, being tron neat! or com~ 


 Sppewads : Shr 98 
‘Protoxile of irea is only found in combination with other substances. 


TIL Peroxide ot Red Oxite of § Irom... 
Aron, 0: 


Tron is found combined with sulphur, forming what is called 
Tron Pyrites; bat that mineral is not available for the manufacture 
of iron; and it forms a pernicious ingredient in ores, or in the fuel 
used to smelt them, because of the weakening effect of sulphur upon 
iron. The same is tho case with Phosphate of Iron. 

‘The most abundant foreign ingredients found mixed with eom- 
pounds of iron in its ores are siliceous sand and silicate of alumina, 
or clay; next in abundance are the carbonates of lime and mag- 
nesia. Amongst other foreign ingredients, whieh, though not 
abundant, have an influence on the quality of the iron produced, are 
carbon, manganese, arsenic, titanium, dec. Of these manganese and 
earbon alone are beneficial ; for manganese gives increased strength 
tosteel, and carbon assists in reducing the ore; all 

‘The most common Ores of Iron are the following :— 

L. Magnetic Iron Ore, consisting of magnetic oxide of iron, 
or almost pure, and containing 72 per cent. of iron, ix found. 
in veins traversing the primary strata, and amongst platonic trodes, 





























eee eee are hammered and rolled like blooms of 
‘V. Pudilled Steet is made paddling pig i (Article 355, 
p34) an styng te rota tat whe the pe 
ee oe cacuoe recaine The bloom is shingled and rolled 


iron, 
VIL Granulated Steel (the invention of Captain Uchatius) is 
made by running melted pig iron into a cistern of water, over a 


ditional quantity of malleable iron is produced by the reduction 
of the ore, These ingredients being melted together, produce 


Il be further illustrated in the 
ductility of wrought iron often causes it to yid 
to a load, so that it is difficult to determine its 


ce) 


le 
4 


ht iron has its longitudinal tenacity considerably in- 

ing and wire-drawing; so that the smaller sizes of 
le more tenacious than the larger; and iron wire 
‘Mare tenacious still, as the figures in the table of tenacity at the 
Fo i earshanai ed frxquent rating and forging 

it iron is weakens too frequent ing 5 
rte horns bast of lage forginge the healt ly 
it three-fourths of that of the bars from which the forgings were 
and sometimes even less, 


ah 





TT, That the tenacity of good rive iron increases with eleratim 
of temperature up as shat Fahey sh pou eet 


Article 157, p. 257. 

Numeroas experiments have been made on the tenacity of steel; 
but its other kinds of strength have been little i 
pola ds bar iron, is inereased by rolling and wine 

pwing. 5d 

The iments al in the note to Article 143, 
p. 31, tare shown at le prey sega of rough titi 
almost exactly one-third of the breaking load. 

‘The tables at the end of the volume give only average or 
results as to the strength of wrought iron and steel; and th 
the following tables are here annexed, in which more 
given, but still in a very condensed form, chiefly on the 
of Mr. Fairbairn, Mr HodgAinata, and Messrs, R. Napi 
Sons. (See also AppEnDA, p. xvi.) 


Tamu of tue Texacrry op Wrovout Tnos axp 
iakaiel ed tessa ‘Teanelty In tte, per Sqasre Inch, Ultimate 
Marseance Inox. 
vey strong, 114,000 Mo. 
86,000 TT. 
71,000 Mo. 
64,200 FB, 


66,390 
to fone X 


59740 Be. 


63,620 FB 

62,231 
Sa seats} 
Yorkshire bridgeiron,... 49,930 F. 
Staffordshire bridge iron, 47,600 
Lanarkshire bar,... frow S495 x 
w sHeip™ 





Description of Material. 


‘Tarte—continued. 
in Ths. Inch. 
per Square 
59,006 


N. 
N. 
495504 os 


$5878 N 
3-420 N 
i 


60,110 
to 53:775 
48,933 
41,251 


{ 
{ 
i 


ou 


Uithests 
Extensiog. 


"169 
"216 
"264 
278 
‘153 
“133 
166 


1248 


260 x 

est 

55:93} 

to 55997 | w. 
40,242 W. 
72,643 W. 


. 68,319 W. 


58,487 

52,000 BN. 
N. 
gE 


56,996 
49,404 
45,010 
50,820 FF. 
49945 F. 
61,280 «=F. 
50,820 F. 


48,865 F. 

53,849 } y, 43:848 

43433 39,544 

51,245 N. 46,712 
Effects of Leheating and Rolling. 


The ssme iron five 


46,221 - 
51,251 
44784 
44,420 
54,820 
49,470 
53,820 
52,825 


45,015 


to 
Staffordshire plates, from 
to 


Staffordshire plates, 
best-best, eeent t 
Pea bose tent Hae 

»f to 

Staffordshire plates, best, 

Staffordshire plates, 


425s em mh 


} 


"089; 064 
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Tavir—continued. 

Deciiie sais, Toate rege te 
‘Cast steel plates,.... hard 102,900 FE. +031 
Ft in 85,400 f ~~ ‘031 

fomogeneous met: Se 
pis first quality. 96,280) = 97,150 ) = 1086; "144 

Srassencons metal 2.408) 73.580) (0595032 


Rita pin eat N. ease} N {ome 013 


aa to 71,532) —* 67,68 
plates,...... 93,600 F. oO 
Tn the preceding table the following abbreviations are used for 
the names of authorities :— 
CG. Clay; F., Fairbairn; H., er M., Mallet; Mo., 
Morin; N.,* Napier & Sons; R, Ronnio; T., Telford; W., 


082; 057 
"125 


‘The column headed “ Ultimate Extension” gives the ratio of the 
elongation of the piece at the instant of breaking to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety a4 a material for 
resisting shocks. The vagueness arises from the fact, that the 
elongation of a bar just before breaking consists not so much of a 
stretching of each particle ax of a permanent drawing out, with a 
new arrangement of the particles; and that it bears no fixed pro- 
portion, even in the same material, to the original length, being 

e ly greater for short than for long bara It is probable 
that it depends on the thickness of the piece as well us on its 


1 

two numbers separited by a semicolon appear in the 
column of ultimate extension (thus 082; -057), the denotes 
the ultimate extension lengthwise, and the second crosswise. 

358, Resitionce of Tron and Steel.—In order to obtain an exact 
mesure of the capacity of a material for resisting shocks by 
tension, tho modulus of elasticity, as well as the tenacity, must be 
known; and then the modulus of resilience (whose nature and use 
fiavo been explained in Article 149, p. 227, and Article 173, 

279) can be computed in inch-pounds to the cubic inch, by 
the aguare of tha proof tenacity by the modulus of elasticity. 
Por iron and steel, the proof tenacity may be estimated at one 


‘The whore extreme revults are market N, were conducted 
Mears BE ‘& Som by Mr. Kirkabiv. For details, see Treemeriont 
Lastitation of ix Scotland, 1853-59; alo Ritkaldy On 
and Steel. 

2u 





RIVETS 


/ 
Secrios T1—O/ Iron Fastenings 
360, mivew are made of the most tough and ductile iron. 

“ Rivet Iron,” in the preceding tables of strength.) In order that 
® rivet may connect two or more layers of plates or fiat bars 
firmly, and in order that the shearing stress brought to bear on tho 
rivet by a force tending to pull the plates asunder may be uniformly 
distributed throughout the secti area of the rivet, it is essential 
that the rivet should tightly fit its hole The longitudinal com- 

ion to which the rivet is subjected during the formation of its 
Besa, whether by hand er by smacinery, tends to produce that 


is 
The ordi; dimensions of rivets in ice ure a8 follows :— 
Diameter eget eserves ‘cs Lian, half an toah OBE, 
about double the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 
u-half the thickness of the plate, 
Denis ofa rive beioce clen bin measuring from the head — 


sum of the thickness of the plates to be connected + 2} X 


diameter of the rivet. 

Twasmuch as the resistance of rivets to shearing is nearly the 
fame with the tenacity of good iron plates (50,000 Ibe per square 
inch, or thereabouts), tho distance of the wipes = 
connect two pieces of plate iron or is regulated rule, 
Ghat the joint sectional crea of the rive ahall be to the sectional 
area of plate lef after punching the rivet holes. is rule leads to 
the following algebraical formula :— 

Let ¢ denote the thickness of the plate iron, 

d, the diameter of a rivet, 
#, the number of rows of rivets, 
eee an Cas tan Hivele which Seni 9 row hee 
perpendi to the direction of the tension which tends to pall 
‘the plates asunder. 
¢, the distance from centre to centre of the adjoining rivets 
in one row; then 


emd+ tnd 1) 


Each plate is weakened by the rivet holes in the ratio 
e—d 7WSdind _ 
“e “t+itiang 
In “single-rivetted” joints, w = 1; in “ double-riveied” Yous 
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> = 3) 00d the: bre sons OE irs ee 
Hivetied” joints m may have any value gente th 1 Adin 
riveted joint is weakened by unequal of the 

Suppose that in a chain-rivetted joint the distance ¢ from center 
to centre of the rivets is fixed, so as not to weaken the plate 
below a given limit; then in onder to find how many rows of rivets 
there should be,—in other words, how many rivéts there should bs 
in each file,—the following formula may be used:— 


ree (3) 


361, Pins, Keys, and Wedges—These fastenings are, like rivets, 
themselves ©: 1d to a shearing stress, while they serve to toame 
mit a pull or thrast from one piece of an iron frame to another; 
and the rule for determining their proper sectional area is the 
with this modification only, that if a pin, key, or wedge is not 
perfectly tight in its seat, the shearing stress, instead of being 
uniformly distributed throughout its sectional area, will be more 
intense at the central layer of the section than > 
distributed according to the laws explained in Article 168, p. 

‘The ratio in which the maximum intensity of the shearing stres 
exceeda its mean intensity is the quantity denoted by gg A = Fin 
the table, p. 267; its two most important values in practics being 
the following :— 


For rectangular keys and wedges, 3) 


For circular or elliptical pinsy.ssenoneter $3 


and the sectional area of the fastening is to be increased in this 
proportion beyond what would be necessary if the stress were 
‘niform! ly distributed. 2 za ad 
n order that a wedge or key maj against ing out 
its seat, its angle Tae ae nat to exceed of 
repose of iron upon iron, which, to provide for the pret 
the surfaces being greasy, may be taken at about 4°. (Article 110, 
pa 172, 
» 508. atone 1d Scrows—If a bolt has to withstand sl 
ntvess, its ter is to be determined like that of a ey! 
jie If it has to withstand tension, its diameter is to be determined 
y having regard to its tenacity, In either case the effective 


diameter of the bolt is ite least di ; that is, if it has a serew 
on it, the dinmeter of the epiudle wads Yue Vices, 
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‘The projection of the thread is usually one-half of the pitch, and 

he pitch Saeseay sah geaetal ibe ter than onesifth of tha 
diameter, and may be considerably leas. 

order that the resistance of a screw or screw-bolt to ruptare. 

stripping the thread may be at least equal to its resistance to 

direct tearing asunder, the length of the nut should be at least one- 


r lice considerably greater; for example, once and a-half that 


‘The cad of'a bolt is mmally about twice the diameter ofthe 
indlo, and of n thickness which is usual than five: 
we of that diameter. po 


Sucriox IL—O/ Iron Ties, Struts, and Beams. 


363. Worms of Iron ttare—In designing ordinary structures of 
‘wrought iron, it eaves time and expense to use iron bars of such 
forms of cross-section as are usnally to be met with in the mar 
ket, The variety of those forms continually increases with the 
demand for new shapes; but an engineer should avoid introducing 
new sections for bars into his designs, except when, by so doing, 
nee important purpose is to be served, or some decided advantage 
to 

‘the most common forms of rolled bars are the following — 

Round iron, with a circular cross-section. 

Square iron, with a square cross-section. 

iets iron, with oblong rectangular cross-sections of various 

forms. 

Halfround and convex iron, with one side cylindrical and the 
other flat. 

Angle iron, with cross-sections shaped like an L, of various 
breadths, depths, and thicknesses. 

‘Tiron, with cross-sections shaped like a T, with a table or flange 
and a rib of various dimensions. 

Double T-iron, or H-iron, or I-shaped iron, with a web and two 
flanges, of various dimensions. The most common form of 
Tailway bars belongs to this class. 

Channel iron, which is like flat bar with flanges projecting 
from both of its edges, but in one direction only, so that if 
aid with the flat bar downwards it is like a trough or rect- 
angular channel. 

iron, which 


po" Big Rat 


“Barlow Bail,” 
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the inner side than at the outer. To allow for this, the sectional 
area may be made one-half greater than would be necessary if the 
tension were uniformly distributed. 

Compound Tie-bars and Flat Chains are made of lengths or 
“Seepage cred pol cetera bday my oe 
together by means of eyes and pins, as in the side view, fig. 232, and 
pe, 26. 232% Whether it is desired to give stiffness to exch 

ividual bar or flexibility to the whole chain, the bars should be 
on edge Tho numbers of bars in a compound link are odd and 


<9 o> SS 


Fig. 232. Fig. 202." 


even alternately; thus, in the figure, the links A and © consist of 
odd numbers of bars, and B of an even number. The dimensions 
of the pin are to bo found as in Article 361, p. 516, tal ing eare to 
note at how many cros+scctions it must give way at once if sheared 


goross; for the stress is distributed amongst those cross-sections. 
Tn fig. 232° they are six in number. As to the eyes, see Division 
TL of this Article above. 

TY. In Oval-linked Chains it is essential to strength that each 
Tink should be prevented from collapsing by a stay or 
eross-bar, as shown in fig. 233, when it rs by 


85: 100, or nearly 6:7. 


(Barlow, On the Strength of Materials, Article 143.) 
V. Wire Cables are sometimes made simply of a 
cylindrical bundle of parallel wires, served or bound Fig. 233, 
@ wire wound round the outside of the 
constructing this sort of tie, great care is necessary in 
ander to distribute the tension equally amongst the wires The 
Beqally distributed, withoutany special care, in wntivisted 
which the wires are spun into strands, and tho 
without any rotation of individual wires, so that 
the fibres are all untwisted, and all equally strained. This is the 
i irom tie for its weight; its tenacity, of about 
inch of section, being equal to the weight of 
or thereabouta, 


b 











rule as to avoiding abrupt changes of thickness in castings, 
making the vertical web pid tune tinkuaee tiikivey te be 
and of @ gradually increasing thickness towards the bottom, where 
it is ly as thick as C. 

Tibs or feathers on cast iron beams are to be avoided, 
as forming lodgments for air-bubbles, and as tending to cause 
ericks in cooling, 

Open-work in the vertical web is also to bo avoided, partly for 
the same reasons, and partly because it too much diminishes the 
resistance to distortion by the shearing action of the load, 

The various “forms of equal strength" in longitudinal sections, 

described in Article 165, pp. 259, 260, are more easily 
‘executed in cast iron than in any other material, and are often 
employed in practice, especially those shown in figs 141, 142, 143, 
144, and 145. 
The guar Be beste section shown in See ee ure 
to the or tables of double irders of 
applied nges ped gi 


In su; ing a cast iron beam, provision must be made at one 
end for its expansion and contraction by heat and cold, which take 
Place at the rate of about 00111 for the 180° Fahr. between the 
ordinary freezing and boiling rec of water, or 0000062 nearly 
per degree of Fabrenhvit's scale. 

S68, Lengihened aud Trosed Caw Fron Beawe—It is seldom 
advisable to use a cast iron beam of a span 20 great that it eannot 
be cast in one length; but should it nevertheless be determined to 
do %, the following principles are to be observed in the construction 
of each junction. 

Above the neutral axis the ends of the picces should be true 
planes, abutting closely and equibly against each other, and exaetly 

licular to the axis of the beam. 
the neutral axis the’pieces are to be connected by means 
of transverse flanges and bites iron bolts, which will thus, at the 
joint, form the duty of the lower or stretched table of the beam ; 
and total sectional area of those bolts should be such as to 
anako, not their tenacity, bat their ionate elongation by a given 
tension, the same with that of the cast iron table for which they 
aren subatitate. This condition will be approximately fulfilled by 
the sectional area of the bolts in all about one-half of that 
of the cast iron table ; when their tenacity will be more than sufficient. 

Care should be taken so to arrange the bolts that the mean of 

their distances from the neutral axis of the section 
ding quantity for the cast iron 
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depth from centre to centre of the two flanges; M, the breaking 
moment in inch-Ibs, -— y 
i 
em ve Ay M,+k. 
1O 35,294 ‘35Ag+17 Ag 14,118 A, +60,000 Ay 
20 33,333 “4 Ag+ As 14,444 Ay+60,000 Ay 
3° 30,509 "48 A.+1°07 Ay 14,916 Ay + 60,000 Ay 
42 27,273 © Az+22 Ay 15,455 A+ 60,000 Ay 
50 24,000 75 A,+275 As 16,000 A,+ 60,000 Ay 


The preceding results are made applicable to the T-shaped 
section simply by maki 0. 


In cases in which a = is liable to be strained alternately in 
either direction, the section is to be made similar above and 


below, so that A,=A,; the beam tends to give way in every case 
by Interal bending of the flange which is compressed for the time, 
and f, is the modulus of rupture; and the expression for the 
breaking 


moment assumes the simplified form, 


Mya IaW (AP4 Ay) x coroners asenenl) 


The expansion of wrought iron beams by heat is very slightly 

ate that of cast iron beams, being about 0012 for the 180° 

the ordinary freezing and boiling points of water, or about 
000067 per degree of Fahrenheit. 

370. Pinte aud Box Heams—This class of wrought iron beams 
‘comprises various cross-sections, built of plates and bars rivetted 
together in various ways, but all virtually equivalent to double 
‘T-shaped sections, and having their strength dependeut on the same 
Principles, The following are examples :— 








TLATE AND BOX BEAM 


of Article 369, and of the other articles there referred to, is to bo 
understood to stand, not for the total sectional area of the lower rib, ‘ 
pach ae! holes, seg i oni sre 
ion for rivet to the 
Article 364, p. 518, anh Article 3! tae 
Roe epg 


Secans of ty tlie tn And iclo 369, p. 527:— 


t 
“ee Ay My+H 
For a Flat 
Upper Ri. 

T, 50,000 10 35,294 “21 A, +141 Ay rorRe Bet Hace 
TI. 50,000 20 25 Ag+15 Ay 11,111 Ag+ 50,000 Ay 
TIL 59,000 30 32 A, +14 Ay 11,584 Ay + 50,000 Ay 
TV. 50,000 40 “40 Ay +183 A, 12,121 Ap+50,000 Ay 
V. 50,000 §0 $644,+2°08 A, 12,667 Az + 50,000 Ay 


IV. Vertical Web.—The thickness of the vertical web ix seldom 


earn compu 
Suber of erom-sestons by the formule of Astle 161, Gos 
ip 247, 248, 249, and its greatest intensity, for an assumed 


af web, by the formula of Article aa Case VIIL, 
p 267. 


in which ¢ is the thickness of omy, Papaya init bese 

tance a line inclined at 45° to the horizon, botweey. 

‘two of its vertical stiffening ribs; or, if it hes no such ribs, between 

the ‘and Jower horizontal ue ‘The intensity of the eheariwg, 
a 

















PLAIN ARCHED ION BIDS 539 
by means of the expression in Cuse XI. of Article 


295, 
neutral axis of the rib should be a parabola; for which, in 
mall see sa ‘camgicredreith Che aan Soe oa 
without material detriment to the stability of 


Sf de wale ok soniforns aioam by incressiag cee 

th to the springing in the proportion of 

the secant of the inclination, ax explained in Article 180, Problem 

When tho rib is not of uniform stiffness, but of taniform 

ic sf gives the sore 
eame 


rib has flat ends firmly bedded against ins- 

skew-backs (as is usually the case with cast iron arches), 

the case is that of Article 180, Problem I'V.; and the first in 
the calculation is to compute the quantity denoted by B, by 


), p. 05, vin, 


ar gs 
the skew-tacks, through ‘the yielding of piers or abut- 
‘ments, spread asunder when the arch is loaded, the case is that of 
Problem V., and B is to be computed by means of equation 40, 
Bete re ina this lest equstton, 1, & sectional area, A, has to be 


To allow for the ‘straining effects of rise and fall of temperature, 
Proceed as ae en da stan ise doritiog 
ete Siva: that ab -whick the beidye is to. De ecmaaey 
Ez Sepia cf alanis sf she mastetial Py the Sutenie ee 
intensity of the test thrust at the crown ib; 6 
co-efficient of | age ii 





PLAIN ARCHED IRON RIES. Sa 
intensit ee a ee noma eae 


SS apegmenbermese 


31. 

—kib kinged at the crown and at the ende—The hing- 
Eiinictie ero, ox voll on'os the ait, Ua aa oe 
Mantion (Annales des Ponts e Chaussées, 1861), but 
been executed. This mode of construction would 

walling the st effect both of 

piers. The 

ing the greatest stress in Beplhecl ine 
m VL, pp. 311, 312, by making C=0; and 


BE coal 
ike fixed load per lineal horizontal inch ; 
‘the rolling load per lineal horizontal ineb ; 


greatest intensity of stress occurs when one half of the rib 
ed with the rolling load; and in that condition the total 
is, 


moment of flexure, which acts downwards on the 
d half and upwards on the unloaded half of the rib, is 


greatest intensity of thrust occurs at the outer flange of the 
Jedand the inner fange of the unloaded half of the riby and has 
(following value :— 


anxGu*8)- ox lsgn*E (+3) }-@ 
1 the greatest intensity of tension, if any, occurs at The imuet 
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p and A in equation 1, above, it becomes a 
aes red sectional aes, p being made 
per square incl 
fig. 253. Ths. resemblet. tho 
iaber tras 200, p. 470, invertod; B BB being 
‘a horizontal etrut, by a ot 
feria outs alae 
aro principal ties ; 
which act only lie ais 
ie aad Osco uneyealty Fig. 288. , 
‘he greatest stress on the principal pieces takes place whe! 
cy eerpetnypalie teed pri 2 


Lat W denote tho greatest Ioad on each of these points (in- 
one-quarter of the weight of tho truss itself); 
6, the balf-span of the truss; 
the distance of each of the points Sand 6 from the midilla 
A 
Bie dy of the truss, measured from the centre of the 
horizontal strat BB B to the centre of the horizontal 


= W (cme) +k; T= J (P+ WW, csseeseeeee(2) 


To find the greatest amount of tension, 8, on each of the 
=e let W’ be the greatest eecess of the load on 
5, 6, above the load on the other point; then 

77), 


‘on each of the vertical strute K, K, is given 


eee ied dvtubmaliaee BBB, and 
itself, 


or Warren Girder.—This givler consista of 
Para kertsontal booms, the former of which acts wa 
the latter as a tic, in resisting the bonding action of the 
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and the accuracy of the calculations is tested by the rule, that for 
the braces adjoining the middle joint of the girder, the result 
should be s w+ 2k 


the natural numbers, 1, 2, 3, 4, &c.; and they are to be 
computed as follows:—By successive additions of the common 
difference $°%, form the following arithmetical series, containing 
N-—1 terws, 

aw aw naw nN 

whi 2 ei Sg B+ 
the accuracy of the additions being tested by the direct computation 
of the last term of the series, ‘Phen compute the Blows series 
of N stresses, by beginning with 0, und adding successively the 
terms of the preceding series ; 


§,=0; 


w 
Cg 


aw sw 
Si=yEt? WE! 
ko, = ke. 


-G5)" 
Divide this series of N terms into two halves, and range 
terms of the second half beside those of the first half in inverted 


order; thus 
eri: 








Ryne 
LE ee ae 
Hk? NE * NE NE td sen(19.) 


t t t L 
NEN EMH ts 
| ke, ko, co, 
‘The test of the accunicy of these calculations is, that for the division 
joining the middle joint, the result should be aa follows :— 


‘If the middle joint is loaded ; meee 


Tf the midile joint is unloaded; thats, if is odds 0. 


‘The series of horizontal stresses are computed by successive ad- 
dition ees Oe viz — 


Hyayty Foi Ha=Hy+ yey Fy; do 


Whe test of the accuracy of this series of calculations is, that for 
middle horizontal piece it should give a result agreeing with 
Dhak of oxi ce ctor of tho following formula; 
TEN +2 is even, 


Hy n= Tye (ete) srevanteniucsssersnssh lo 


Hy= Vet LY ee 


To find the Diagonal Streases, 
enlenlations are the samo as in Case I, with tho following 
passifcations :— 


© Throughout all the calculations, § is to be substituted for N; that 
“Wiomy, the girder is to be treated as having * instond of N divisions 
Each of the verics (10), (12), bns © instend of terms 


"ho weries (11) has —1 instead of N—1 terms 


| HEN +2 od, wil bea middle term in the series aa); 

‘geil when the second half of the series is rangod in inverted order 

i ‘the first half, as in tho aks (LD) that middle term ia to he 
it the bottom of each column. 


(TIEN +2 is of, 








‘The verification of the last result is, 


= Se (w+) =20 x 173205 = 346410. 


are the calculations of the stresses on the braces, 
duc to the fixed load :-— 


‘The fol 


aw 
m=? (F — }) =198564 x 4 = 5545-6 


sw 
wy 
Ls. 


138564 
13856" 
13856-4 
138564 


1, for braces to which the 
results are applicable as 


Lin 
554250 


415692 
277128 
138564 


° 


‘Thrust. 
1,16 


3.14 
§,t2 
10 


8.9 


Pell, 
0,17 


215 
413 
6.14 


‘The following table shows the calculation of the greatest stresses 
| produced by the rolling load :— & 


Zar 
NE 
Les 


2300'4 
23°9"4 
23°94 
2309"4 


5 


Lbs, 
° 


2309°4 

6928-2 
13856'4 
23094°0 
340410 
48497" 
646632 


831384 


», for braces to whieh the 
results are applicable as 


Tera, 
O17 


345 


Pell 
1,16 


34 
Biz 
po 
9,8 
11,6 
134 
15,2 


ue 
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perform the duty of beams in supporting 

fists 5 Er tense tho jolts tat directly ele’ We 
slither there are two intermediate joists at equal 
ing on the horizontal ribs in each space between a 


rights. 
ney is the load of the structure :-— 


793.883 


aot 


The following are the methods of computing the stresses on the 
several picces of a braced iron arch :— 

For eek eat doping Saree, we 6 es Se 
Bele, p06, diagonal braces of = bowstring girder. (Sco 
Article 3; 563). For the arch as follows :— 

Te When tla' arch is Bingek Doth af croun cond priaping 
BM siren co the art and 
on the horizontal rib are determined as 
follows, with an approximation suf- 
ficient for practical purposes (sve fig. 
239):— 
Tet w be the dend load per lineal 


foot ; 
w, the live load per lineal foot - 
Sieceetees | She oon line of the arhod bia 


&, the ris, 2448 ', mh * 
Thien the horizontal thrust due to the dead load is, 


B= 365 
Anil to a live load over the whole span, 





AEE 1) 


and if this be the most severe of loading the arch, the required 
mucticnal aren af any given post of ha arciesd Sebi a Rmereniee 


ination is i, will be, ; 
a Gt Mess (3) 


7? being the sa/é working thrust on the material; or my about 
6,000 Iba per square inch, 

To ascertain the effect upon the curved and stra ee 
ing one-half of the arch ‘ee the uch load, a the rest 
unloaded, cither a geometrical or an algebraical m: 
followed. For the geometrical method, let A B, 
centre line of the curved rib, OL that of the st vib; join 
A B with a straight chord. Let X C M be any vertical ordinate 
Then the stress along the horizontal rib at X is, 


and this is tension when X is in the unloaded half of the span, and 
thrust when it is in the loaded half 

The horizontal component of the greatest stress from a 
rolling load on half the span, at the point © in the rib, 
ocenrs when C is in the unloaded half of the rib, and ts as follows:— 


H,-MX 


“30x 


and should this prove greater than Hy, that is to say, should Mf X 
be greater than 2 CX, the expression (6) is to be substituted 
H, in equation 3; but should MX be not greater than 2 0 
equation 3 is to be Joft unaltered, 

To find the point of greatest horizontal stress in the unlosiot 
half of the beam, produce the straight lines LO, BA, till Sg 
meet in N, from which draw N © touching the curve A © Bi; 
will be the poitt sought. 

J ties algebraical formule for the expressions (4) and (0) are 6 
follows :-— 

Ist 0 A=a; O X=z; then, 


HNO Wyeeekay 
“EOE 7 Riwesken anette) 
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Be Mx = este (5a) 
‘The value of # which makes the last expression a maximum is 
given by the equation 
oer a, a_o 
OX =e=c{ ee eee! (6) 
Tt is to be observed that the processes expressed by the formulm 
4,5, poet 6, are applicable nly to the psheaasn fi of the 


frame, ‘Where the horizontal rib and the arched rib are connected 
hy a web, 90 ag to form virtually one rib, that rib is to be con- 


leelved to be under the combined action of the thrast H+" 
and the bending moment 


,_ H,-MC_ Heé = - 
ee ren ho? RE 
Let A be the depth of the compound rib, and q a co-efficient 
depending on its form of section, a given in pp. 294, 295, Then 
its sectional arca is given by the equation 


’ k (c  — at) 
= mw | = 
any (+9 2 +H) =p qhe +1) 
+3; 
and {/Uiis area is greater than that given by equation 3, it is to be 
IL—When the rib is continuous at the crown, the exact 
determination of the state of stress at different points becomes a 
problem of almost impracticable complexity; but an Re 
solution, suflicient to determine what sectional area is required at 
oe near Sextet order to resist the straining effects of 
jelding of the piers, and changes of temperature, may 
to obtain ‘a8 follows :— 
eerie beng tt alien fle axirvtion 48, a3 explained 
im Article 180, p. $02, equation 17, for a series of equidistant cross- 
seetions of the entire iron frame, and use the mean of all those 
values to compute the quantity C by the following formula >— 


_ qm it (, 428 90RA,_etB) 
aan (4 eet B®), 0) 


SR weet of pentane fading sk O 
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M. Cezanne, in his account of this bri before referred to, con~ 

ney ee 

ie 2s epcgig of. te acc, whish ested Hn thrast of the 

of the wnloaded arch at the top of the column, and by 

Doctor the foeststies ot to tase, vo that the bending moment, 
‘instead of being H Y, as in equation 1 of this Article, is 


HYY. 


and the greatest 
thrast )_1 (4H YY’ 
}= Fa SEB) srnermn 
According to these principles, the greatest intensities of the 
stress in the cylinders of the Theiss bridge are, 


‘Thrust, about 4,300 Ibs. per square inch, 
Tension, about 730, ” 

382, Suspension Mridges—L Figure, Weight, Arrangement, and 
Loading of Chains or Cablez—The whole theory of the action of an 
niformly disteibuted load on a suspension bridge, when the sus- 
en are vertical, has been given in Article 125, pp, 188 to. 
oy eae wien the suspending-rods ure oblique, in ‘Article L 126, pp. 

to 194, 
Tt is aiivisable to make the factor of safety for the fixed load 
three, and that for the rolling load six, but in many actual sus- 
pension bridges the factors are much less, 

Who for revs of practical onvenicnce, ach cain a mad of 
uniform sectional area, that area zane be. pone to the 
pull; that is to say, to the pull at ts of support 

for at the highest point of support, if their heig RE bape rel 

Wa a mvng tay bad woffa and of mati by aking 

area of the chain at different points vary as the 
Massy ie sc oe sul of nto fh la 
‘The weights of sections of the chain, extending over eyual Aorizontal 
thigh of nese vary am the Squage/ ob teereaaat ae 





deeli 
ae te show both the absolute and comparative 
wih of ef wii cin and of ior sgt on 
eencetpercinatoa sufficient for practical purposes :— 
behalf salted perth le |, both in feet: 


8 of @ to m4): 1toT 
Isc te i soon ole ¥ eas mek LDN 








Gee 3 
CL ea Tal 
ei tel fe eed Hilal 
ban wy hy ft Hl { ih H 
ne SHE ie deta 
Hah adi na i ut ie 
eee ee Tee gL 


(1) Auriliary Girders —Theee are a pair of straight girders of 
any convenient construction (such as the plate, the zig-zag, or the 
lattice) hung from the chains by the fing-rods, and 

ing the cross joists of tho platform. i oka of ue ses 
girder is shown in fig. 263, Tt should bo not merely eupported at 
each end, but fastened dawn, as there ure certain positions of the 
rolling load which tend to lift one of its enda It should not, how 
ever, be jized tn direction there, In order to enable it to sct with 


the greatest efficiency, it should he Ainged at the middle of the 
span, which may be effected by making it in two halves, connected 


together by means of a Se raty pin of dimensions sufficient to 
a whi 


bear the shearing stress, which will presently be stated. The object 
of this is to annul the straining action which would otherwise 
‘aries from the deflection and expansion of the chain. 

This precaution having been observed, the greatest bending 
action on the auxiliary girder will be that due to half the rolling 
load, ‘a girder of one-half of the apan of the chain; and the 

shearing action, which will take place at the central pin, 
and at each point of support, will be equal to one-cighth of the roll- 
ing load over the whole span. That is to say, in symbols, 


Let wt bo the greatest rolling load per unit of span; 


%, the hal/-span ; 
M, the moment of the greatest bending action on the 
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433. Proportion of Weight te Lend Im Krou Bridges—IJn Article 


167, p. 263, the general princi 

da Shion tharpaleht of « beam intendal &p carry given Mad Oe 
be approximately determined before designing tho beam. The 
examples there given, however, are applicable to simple beams 
only, in which every portion of the material directly contributes to 
peeceicice ales bending and sheari i ae In 
large iron bris ore are many parts whi not directly con- 
tribute to i acre but which, being necessary for the con- 
nection or staying of the parts which do so, are essential parts of the 
structure; and they increase its weight in a proportion which 
rang in various practical examples from once and a-half to 

le. 

Pe ete Dro peseiea] seas «ens ee ing the 
probable ratio which the weight of the superstructure of a bridge of 
a# given design will bear to the external load, the following 
from an existing bridge of similar design, are required :— 

1, the span in feet ; 
"Ned cian Bg secine either in all or per 
it 5 
the factor of safety applicable to that weight (say 3); 
W’, the greatest working travelling load (either over all or 
foot of span) consistent with a factor of 4% 
fay 6 This is not to be taken Fo th acl avai 
load, but computed as follows:—Let W be the calcula! 
breaking load; then 


w 


_W—«B 
=e 


From these data compute the following quantity — 
= 4 W’). 
Lat (i+ a) 
then, for any other bridge of similar design and proportions, the 
probable proportion of the weight of the superstructare to the 
greatest working travelling load is given by the formula, 


Ifa, = 6 and &, = 3, these formule become as follows:— 


hss ( + 35) ected : 





pee | 


‘The following are some examples of values of L:— 


For tubular bridges, not continvous; the depth 
about 1-16th of the span (as the Conway {, 
Bridge); the effective section two-thirds of the Fat 

iron, mercansseacasy (GEE 

For tubular bridges, mean depth about 116th of 
the span, continuous over piers ; 7 in the formule 
denoting the span of the greater or intermediate 
bays (as the Britannia 

‘Warren girder bridges, not continous, with cast 
iron struts; depth about 1-15th of the span, .... 

‘Warren girder bridges, not coutinuons, with the 
frame entirely of wrought iron; depth about 
1-10th of the span,... 

Tron arehed bridges ; rise about 1-Sth of the span, 

Wire cable suspension bridge; the 
1-14th of the span; the cables 4-10ths of the 
weight of the superstructure; ultimate tenacity 
of the wire 90,000 Ibs per squam inch (as 
Niagara Falls Bridge), 


In designing railway bridges, W’ is in 
one ton, or 2,240 Ibs. per lineal foot of a single 
not carrying railways, the most sovere moving 
sumed to be that of a closely packed cro a sated 
335, p. 466; that is, 120 Ibe per square foot of platform, so 
such cases, 
W"' = 120 Ibs X breadth of platform in feet. 


For a bridge with two platforms, one ing a road and te 
other a railway, those two are to be combi 


Secrios V.—O/ Various Metals and Alloys 


SS4. Lend is used in 
(as to which, see Article Fae cS 
cramps into masonry, by filling 
sometimes a8 ameans of diatributing 
stones (as to which, see Article 
heaviness, see the tables at the 
temperature of about GUT See eee 








which they contain, up to a proportion which gives theme 
a regards accurscy 


of th of castings, soundness, a general principle, 
appliadile otto AI Divs: Seecl  ee 


quantities of the in: should bear definite Proportions 

to each other. als rele Se woh cheers See 

is not a homogeneous compound, but a mixture of two or more 

different compounds in irregular masses, shown by a mojiiel 
of the castings when broken ; wen; amt ahess Tasos 


apes expansibility and ht, one 


af 

ack 

‘The following is a list of some of the alloys ef copper 

and tin, in which the chemical equi of those metals ae 
assumed to be respectivel, 


Copper, gt 
‘Tin, . = 


Compeaition. 
By Atoms (By Wi 
Tin. Cop 


"( Bell-metal: hard snd brittle: contracte 
6 189 1 es from its melting point 
14 422 «590 Hard ~ 
jronze, or gun-metal : contracts 
16 504 so from ite melting point, 1-130 
8 t 567 59 Softer bronze. 


As the table of tenacity at the end shows, bronze, or gun-metal 
is twice as tenacions as good ordinary cast iron, and as tenaciows at 
bolts, while at the same time it is harder than copper 

used in machinery. Lead is sometimes present in 

lalteration, and is very injurious to its —— 


389. Benes, properly 9 
of copper with zine, ere reagan: aie 


table of th ‘alleys of eee a in whi ae 
le of the princi il ant . 
chomical oe eae ae ee those motals are, = 


305 
eS 


* For information ss to the A core ote xed, oe 9 paper ft 
herter Memubrs toe WL, oy Wit. Cre Galeer SoA. 





DEASS—ALUMINIUM BRONZE—IRON AND STEEL. 587 


By Ama Dy omer ie 


aoe 2°5 Hardened cop 
126 oh ‘5 Malleable eee 
f ‘brass: contracts in cooling from 
63°35 its melting point, 1-60th. Tonacity, 
(see table at end of volume. 
315 325 -- Prince Rapert’s metal: very hard. 


359 A, Aluminium Bronze contains from 5 to 10 per cent. of 
Aluminium, and from 95 to 90 per cent, of copper. 
Its mechanical are as follows, tonetiog to Mr. John 
Voolwich Gun Factory — 


ic gravity, 7°68; heaviness, 480 Iba, per eubie foot. 
73,000 Iba. per square inch, 
132,000 Ibs, per square inch, 


(Appexpoum to Articles 353, p. 499, and 367, p. 512.) 
389.8, Serength of Iron and Sieet.—Summary of experiments on 
the h and elasticity of steel, by William Fairbairn, = 
LLD., F-R.S. (from the Neport of the British Association for 1867, 
pages 161 to 274). 
Poands on the Square Inch. 


Ultimate tenacity, fror ‘ 60,000 to §=—-134,000 
A howe nee - 107,000 
~ 60,000 ta =—- TT 4,000 
Avemge,... Bo,cc0 
Crashing stress of very small blocks, 225,000 
Modulus of elasticity, E, fi + 22000,000 to 34,000,000 
Avernge,... 31,000,000 
Mialleable Cast tren is made by ‘the following process :—The 
castings to be made malleable are embedded in the powder Of red 
hematite; they are then raised to a bright red heat (which 
ies about 24 hours), maintained at that heat for a per 
from three to five days, according to the size of the cast- 
ing, and allowed to cool (which occupies nbout 24 hours more). 
‘The oxygen of the hematite extracts part of the carbon from the 
oa which is thus converted into a fe of an bal aes) 
to iments (easTs, lore 
Tesemes soore thn 48,000 Ibe ma he iyore 
According to Mr. Kirkaldy, the 
increased by hardening in oil. 





TUNNELS —SHAPTS. 


Toad, are horizontal, O is the centre of 
B B the minor axis, A O © about 


axia. 
; Tunnels made in rock that is so sound ns 

lining of masonry or brickwork to prevent pieces of it 

feosay te made, if the rock is igneous, of almest any shape that is 
|most convenient for the traffic. The elliptical or horse-shoe form 
already described, is, however, generally for the sides and 
top, the floor being level. In stratified rocks, the strongest form 
for the roof is that of a pointed arch; though a flat roof hay been 
fused where the rock consists of thick ayers, and has few natural 


Tn ordinary tunnels, mesured within the masonry or brickwork, 
the dimensions of most common occurrence are— 

Height. Witte. 

For nia lines of railway, 20 ft. 15 ft. 
Fordoublelinesof railway, _ 24 ft from 24 ft. to 30 ft. 
Por naviguble canals, from 14 ft, to 30 ft,, from 14 ft. to go ft. 
‘The smaliness of tuanels for water-conduits and drains is limited 
the least dimensions of the s in which miners can work 

ly; that is, about 4) feet high and 3 feet wide. 
‘The best source of information on the construction of tunnels is 
Practical i 


pits are sunk for three 


jimen for rectangular shafts 
material to be used in lining 
oylindri 
‘The number and distance apart of trial shafts are 
fietermined after previous boring, in the same manner as 
> ‘Article 187, pp. 331, 332); that is to way, no 
ithe subjoct; but the engineer mush, to 








TUNNELING IN SOFT MATERIALS. 57 


The tunnel ix executed in lengths, cach of about 12 or 15 feet. 
se as follows, in the order in which they are 
executed :— 

Side lengths, on each side of a working shaft. 

eee: ‘pars SE ee ee 

function where two ious of the tunnel meet midwa; 
eke portions iy 

Shaft lengths, directly under the working shafts, 

The first operation in commencing a side length, leading length, 
or junction length, is to drive a heading at the top of the excavat c 
rere mand te Ty or 2 feet above the intended top of the 

From that heading the excavation is extended sideways and 
downwards by a process exactly 
like that of driving a heading, ax 
shown in fig. 272, which is a cross- 
section of the excavation, after it ~* 
been extended a short distance 

ight of the top heading. The 
is supported by poling boards, 


imbers called bars, 8 or 10 
diameter. The after ends 


if 


to the righ 


Hee 
ES 


igths, by props resting 
framework of the working 


all other lengths, by the top 
arch of the previous length ; 

are kept asunder by 
short struts between 


et 


EF 








‘TUNNELLING. 


‘Tanne! Frouts—Drainnse—A tunnel front consists of span- 


slope of earth above it to push it outwards, it be tied 
iy iongliolinal iron ods +s hacecohoe tbacpeil tert) GPSSaRE 
it into the brickwork ata distance back from the front 
to the height of the tunel. 
which has no invert may be drained by means of a 
ide drains, like a cutting; but where there is an invert, the 
main drain should be a central culvert, of which the invert itself 
form the floor. 
Sk ceket-wsior drain shoukd divert the surface water which might 
otherwise flow over the tunnel front. 


Lp 
i 



































CHAPTER 1. 
OF LINES OF LAXD-CARRIAGE. 
Seeriox LL—Of Lines of Lamd-Carriage in General. 


413. Generat Nature of Works—The works which constitute a 
line of land-carriage (exclusive of the buildings and machinery by 
the aid of which the traflic is carried on) may be divided into 
PERMANENT WAY and Fronmation; the permanent way being that 
part of the structure which directly bears the traflic, and the form- 
= the whole of on rest of the yin whose object is to — 

Preserve a suitable for permanent way across 
country. oareaicioiad wean: the word formation cefereieeiaate 
plied to the base or surface on which the permanent way directly reat 

Az the methods of constructing the works which constitute the 
“lena in Me widest sense, have been ae in = pre- 

i of this treatise, it is only necessary in the present cliay 
to eats them (referring to the places whore they are deste 
in detail), and to state the principles according to which they an: 
adapted to particular lines of conveyance. ‘They may be thus 


L Earthwork, consisting of cuttings and embankments, to make 
through hills and over valleys respectively. (See Part IL, 
IL, p. 315,) 

Pences—As to temporary fences, see Article 189, p, 335, 
Permanent fences will be again referred to. F 
TIL. Drains, which are treated of in the mune chapter in their 
relation to earthwork. As to the masonry of large drains, see 
Article 297 a, p. 433. 
iy. Retaining Walle—(Geo Artistes 365 to 375, pp. 401 weal) 
'. Level Crossings of other lis communication wil again 
vr "Bridges, which be classed sccordi: their 
ve whi ling to yurQosen, 
fpeubtendieg 20 Uheir materials, e 








RULING GRADIENTS —ROADS. 623 


fulfilment of this condition is essential. Another condition, 

(vile escola Abel seers Map ee ay tirana 
ip a er 
in the roling gradient and to fulfil this con- 


i should (if possible), not exceed f.«.esess-++04(%) 


The co-efficient of resistance f differs very much for different sorts 
of many tech paiGemick ieallpeus cates 5 one 
arising iction, ani constant at and another arising 
from vibration, and increasing with the velocity; so that it 
have different values in the formulw 1 and 2; that in formula L 
Earrcniing ‘to the least speed of ascent consistent with the con- 
venience of the traffic, and that in formula 2 corresponding to the 

peed of descent consistent with safety. 

When the traffic is heavier in one direction than in another, the 

eo: in the direction of the ascent of the lighter traffic 
the steeper. 

a general consequence of these principles, it is obvious that 
the less the proportion of the resistance on a level to the load, the 
flatter must be the ruling gradient, and the flatter the 

it is the meen: are the works, and the more difficalt is it to 


Sectrox I.—O/f Roads. 


416. “ona 8 eves ty ances vebicles 
capable on roads may istinguis) into 
and aiiesk-carsineen The celyoumen ia which sledges pers = 
eter te seat vos Cacon in Shick tio nection le ites aie 
too steep to admit of the use of wheel-carriages with safety. Their 
resistance on roads has not been determined precisely by experiment.” 
appeared Se eee 
part, and a part increasing with the velocity. According to Gene- 
Bay Morin, te ce acer to the gross load is given approximately 


by the following formula 
Sa{etb(e— 3-28} +4; .(1.) 


© The reiistance of an {roo-shod 
* bry pelo aletge ca Bardened sco is stated by Kosai to 








ities M 
all te pe preparatory to laying the cover 
a cad, even in swampy ground, Accordi 


decay unless they are constantly wet. | 


gee 10H. ce shires boats, en ak Se aa 


diameter, and are Jaid in layers alternately lengthwise and cross- 
‘Wise, and fastened with pegs, until a bed is formed about 18 inches 
over which gravel is spread. 

418. Breadth and Crom-section.—For the ordinary breadth of the 
carriageway of a turnpike or main road, about 30 fect is a suf- 
ficient width, with 5 or 6 feet additional for a footway at one side. 

For cross-roads smaller widths are sufficient, such aa 20 feet for 


the “rg ned and 5 feet for the footway. 
The Prescribed by law in Britain for those part of publi 
roads which are interfered with by railways are as _ 


35 feet. 
25 om 


For the widths of roadways in populous towns and their neigh- 
Bbourhood no general rule can be laid down. 

Tn some of those cases in which the traffic is greatest, the width 
of carriageway is about 50 feet, with a pair of footways, each from 
ere iarrogecny honld have a sligh' the 

. al ve a slight rise or convexity in 
middle, in order U Twatenrany Ck fs amen aE and 
for that purpose from 4 inches to 6 inches ix sufficient. This 
convexity should be given to the sormation, so that the thickness 


* See MAden eS ee a 
8 

















RESISTANCE OF VEHICLES ON RAILWATS. 633 
resistance in Ibs, per ton = 2,240, .. AL) 


It is true that the part of the resistance which is due to the dis- 

it and friction of the air must J, not on the load, but 

‘on the dimensions and of the vehicles; but our experimental 

knowledge of the laws of the resistance of the air to bodies so large 

as railway carriages is scarcely sufficient to enable us to caloulate 

that resistance separately with such precision as to make the result 
of the computation ically useful. * 

‘The co-efficient of resistance on a level, f, consists of two parts; 
‘one representing the effect of friction, which is independent of the 
speed ; the other representing the effect of concussion and of the resist- 
nce of the air, which increases with the speed. The Jaw according 
to which the latter part of the co-efficient of resistance increases is 
still uncertain, owing to the irregularities of the results of ex- 

it. According to one formula (founded on experiments by 
» Gooch), it is insensible up toa specd of about 10 miles an hour, 
and then increases nearly i in the simple ratio of the excess of the 
above that limit. According to another formula (that of Mr. 
K. Clark), it is nearly proportional to the square of the speed; 
and both those formule agree, in a rough way, with experiment. 

‘The following are the formulw in question, in each of which V 
denotes the velocity in miles an hour :— 

Vv—10 

a 


Co-eficiont of resistance, f = 00268 (1+ 3) 


Resistance in Ibe. perton, 3,240 f= 6 (1+); (2a) 


v2 
Co-eicient of resistance, f= 00208 (1+ rio) @) 


two alternative formule by the late Mr, Wyndham Harding 
in which separate expressions are given for the resistance of the 
formals that resistence is assemned to be proportional to tbe ares of 
‘of the train; in the second, to its volume. 

T denotes the weight of the train, ds tors, 

Y, its velocity, in miles an bour. 

A, its azea of frontage, im square feet. 

B, its volume, is cubic feet; then 


gitar gta 


=(s+5 B) T+ gay 





RAILWAYS. 635 
lee tee PUICa DS (ber aes ee ieee aoe 


From a road ill laid, or in bad repair, 40 per cent, 
From resistance on curves, = 


8 Ibs. per ton, or -00353 
to 10 Iba per ton, or 00446 


and as being on an average about 
9 Tbs. per ton, or 00402, or 1-250th nearly. 


429. o(atwmasleds serrate Load.—In the following state- 
ment the ordinary mus of the weight oleh of ee ee 
F whickc they charg sen givaroe Ga 
Mr. D. K. Clark; saad trentusee peorbe ta’ oe ae esas 
Proportions of gross to net load in goods and mineral trains:— 


Grow Load 
ime > Net Load 
‘Well made open wagons, .... 
Well made covered wagons, 


In computing the gross load to be drawn bebind a locomotive 
engine which has a tender, the weight of the tender (from 10 to 15 
tans) is to be added to that of the wagons and their load. 

without luggage may be estimated at about 15 or 16 
to the ton, and with apes sent 10 to the ton (but this Lest is 
an uncertain estimate). In a passenger train the gross load ms 


renee weve which Che peime. Bowls te ee 
exert will here be considered so far as it is connected with 
question of gradienta’ The prime movers commonly emypoyed on 





SELP-ACTING PLANES—HORSES 


brake.* The wear of wire repes is from 67 to 100 per cent. per 
annum. 

TI. Horses.—An animal produces its greatest day's work when 
working for eight hours per day, and with a certain definite speed 
and tractive force. 

Let P, denote the tractive force corresponding to the greatest 

‘day’s work; 

P, any other tractive force ; 

V,,, the speed corresponding to the greatest day's work; 

Y, any other speed ; 

T, the time, in hours per day, daring which the exertion is 
kept up. 

Then the following formula is Speroxienely true, for efforts and 
speeds not greatly differing from P, and V,, and for times not 


greatly exceeding eight hours per day :— 
RANE on 
De ee 


For a good average draught horse the following data are nearly 
‘correct -— 
P= 120 its, 
V, = 36 fect por second, or about 2} miles an hour. 


For » high-bred horse of averngo strength and activity it is 
difficult to asign the values of Py and V,, for want of sufficient 
data. ‘The following values agree in a general way with some of 
the results of experience in the traction of stage coaches and of 


light railway carmiages :— 


necessary to enter into detallad calculations as to the eGret of 
ing inclined plane. It may sometixnes, however, be ilesirablo 
ty is so alight that there is = doubt whether the relocity 








and its foot, if it is made of strong charcoal iron wire, 
Seid be P5doth of this, ‘The pull upon the axis of the straining - 
pally should be about 

274 BS... sae(5) 


‘To find the indicated horse-power of the engine, let v be the 
velocity of the rope in feet per second (= velocity in miles an hour 
% 1466); then 


125Pe Po» 
Diner = = FOF rel) 


the multiplier 1-25 being introduced on the supposition that the 
friction of the steam engine wastes one-fifth of the indicated 
power. (As to “ Wire Tramways,” soo p. 754.) 

Another mode of transmitting the power of the fixed engine to 
the train is to employ the engine, by means of a large fan, to ex- 
hhanst air from or blow air into a tabe, along which a piston is pro- 
Prlled towards or from the engine-station by the excess of the 

behind it above the pressure in front of it, The tube is 

& brick tunnel, with rails laid along the bottom, on which the 
wheels of the carriage run; and the piston is a shield fixed on the 
end of the carriage next the blowing engine, and having enough of 
clearance round its to prevent rubbing against the brickwork. 
The shield has a cloth fringe to diminish leakage. For 
the tunnel is about 3 fect in diameter; and the 


. Locomotive Engines.—The tractive force of alocomotiveengine 

ix in general limited, not by the power which the enyino is capable 
of that is almost always more than sufficient to draw 
lead it ever has to convey—bat by the “ adhesion,” aa it is 

or force which prevents the driving wheels from slipping on 


adhesion is equal to the weight which rests on the driving 
ied by a co-efficient which depends om the condition 








ADHESION OF LOCOMOTIVE ENGINES—RAILWAY Graprents, 641 


Weicars or Tax Exonves, cannyrxe Fort axp Nae 


Foren tala septal any wi 
‘or traffic on jin ae wil 
from 6 to 12 wi Planes, With} 49 to 60 

Tn comparing the fcaolive toro “of a iotorauitre 
limited by adhesion, with the resistance and gravity of train 
which it is to draw, it is obvious that the resistance due to friction 
and concussion of the engine itself is to be left out of account; for 
that resistance does not constitute » backward pall on the engine, 
tending to make the driving wheels slip. 

It appears, then, that the available tractive force of a locomotive 
‘engine in ascending a given inclined plane, which must be at least 
‘equal to the resistance of the heaviest train that it has to draw, is 
to be found by subtracting from the adhesion that component of 
the weight of the engine which acts as a resistance to its ascent; 
‘that fs to say, 


of grecteesger phage rg 


ee Bere 08 hie ele Vi ee 


Ls 
i, the sine of the inclination of the ode fh - 
P, the available tractive force ; 


p=({— Ne: ae 


‘The following are examples :— 


emer engines, one pair of driving — at 1048 —E 
yt —é 
i cipas ton ay 095 —¢ 
coupled, ., { to 75 ‘1o7—a 
Goods engines, ali whoels coupled, ee 
By an invention of Mr. Ramabottom's, tho tender of a locomotire 
ereres 20 wrt ly itself with water while in ne ee 
Soh dips {nts p long wate oats Is between 
the nie i nent “shgald bo" ot isoak 33 an hoar, to 
enable the apparatus to work. 
431, eee ora: nature of a 
ruling gradient, ¢ principles which it is 
Tet napa phn pad og , 1, 628 


com] ner me 
Hoarespower is See ort Tengtn and Wight wat 





RULING GRADIENTS OF RAILWAYS. 13 


4, the sine of the ruling gradient (whose inclination in 
oncinary terms will bo doseribed as 1 in 4); then 


ey 1s 
4, V, to find tho ratio of the weight of the engine to that 
n and tender; also the reciprocal of that ratio:— 


00208 (14515, +i 


f-i 


T= (f—i) + { 00268 (1+ 745) +}; @ 
ven E, g, 7, é, to find the speed of ascent V; 


E+T= 


roma {Geom 
m E, q, T, V, to find the ruling gradiont ¢; 

i= {7? — 020s (+) tH +@+T @) 
Acconting to Mr. Clark's allowance of 50 per cont. for oceasional 


contingent resistances referred to in Article 438, p. 635, DO402 
‘occasionally have to be substituted for 00268 in the preceding 


may be taken ns examples of the results of such 
formula employed being equation 3:-— 
iL nL 
18 12 


Wat oe wheels,... 
ler, 
1 in 50,. 
1 in 89,. 








POWER OF LOCOMOTIVE ENGINES. 


2pAa or; and 
_¢cR __DR 
P= GTA Ta 
‘The swan speed of the pistons is 1762 V+e; 


The rolume wept throvgh) sory y iva 
the piston por minute, = 5 


Te 1D 


L iL ub 

<6 % 200%, 32 
tin 1333 © in 1333-1 in 80 
20 tons 30 tons 30 tons 
10 12» 18 » 
Tot np = 245 om 2B 
20 fect 15 foot 14 feet 


ae om » 2ft 2m. 
200 sq. in, 22684. in. 253 aq. im 
4,502 Ix 9,241 The 13,057 The 

563» 767 » 83'4 
feet per minute,......... ame ene 32885 
Volume swept through by , 

pistons in cubic feet per 11733 1325°9 1555 


minute,.. 
Indicated horse-power,...... 288 +4 


‘The mean effective pressure of steam in the cylinder is 
bby the effort required to overcome the resistance, as 
Serials 8d calculations just 
the boiler exceeds the mean 


Bs ein canes engin Mare bese Seas a 
square in ¢ most common pressures ab 
are from 100 to 120 Tha 








‘CURVES ON RAILWAY8—CANT, O49 


in fractions of the load, 1°36 = radius in foet ; 
or, “000258 + radius in milea; ie 
} ‘or in Tha, per ton, 0578 +» radius in miles; 

‘The smallness of these results, compared with thoso given in 
We Sem yar igs te oving to he we of Fin 


ILA of Vehicles to Curces, —Both engin« peace 
lee to sharply curved lines of silva bi is 
he ‘—a truck caable of turning about a pivot into various 
relatively to ste carriage ie Lean eee 4 oa 
Seat su on two four-wheel 
ae ot. each end, “'Phielio” locomotive engine is mp 
ers me wey; each of the bogeys has its whi 
by an independent ne, and the boiler and Rec, 
aes the 2 middle. sores The Engineer, 1870, vol. xxix., p. 389.) 
Instead of ivots, Mr. W. 'B. “Adama uses 
of He for ats leading wheels, slidin, 
des, whose centre is at a point near the mi 
By the sid of such contrivances engines and 
: are enabled to round curves of radii as small as 
chains (251 fect). On British railways, curves of sharper 
= 10 chains are > of rare occurrence, (See ADDENDA, 


ie Cant of Rails of a Cwrce—This term denotes the transverse 
ee ere tie martes ok the hails Gb a 
sract the ten the carriages to it forward, 

Re eeieaye tse carve ‘That tendensy axiom from tron canes 
—fron ie rririhigal force; fora the pasaUeliem of the axlagaa 

m the alip of the wheels, 

| Let v be the velocity of a train in feet per second, moving round 
r ee ee racine rita feet, then ita onnir(fiugal Fored Ueaea to iia 


this ia the ratio which the cant, or elevation of the outer above 
nner rail of the carved line of rails, must bear to the Gaver, or 
between the rails. 
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Let a denote the I K of the curve of adj $ 
& the gup Bo sum of the hit — z 
#, the distance, measured on the circular arc, of any point 
from I or from K, as the case may be; 
y, the ordinate; then 


Exaurre—A curve of 20 chains mdins (= 1,320 feet), with cant 
suited to a speed of 40 miles an hour on a narrow gauge line, is to be 
connected with a straight line. 


Cant (soe p. 650) = 500 feet = 1,320 = 3788 foot; 
of curve of adjustment, a = 3788 x 300 = 1136 


feet; 
Shift for oireular arc = (113'6)? + 24 x 1,320 = “407 foot 


(As the are is to join a straight line, this is also the width of the 


gap t.) 
Forwula for ordinates, y = sia = -000,001,11 a%, 


The easing or “ humouring™ of changes of curvature is performed 
by rail-layers by the eye, with considerable accuracy, in the case of 
reverse curves, where a “bit of straight” has been set out to con- 
mect the two circular arcs; bat no such approxi 
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BE = 270193 AD-tan g BAC. cen(18) 
7 The sharpest curvature occurs at D, where the radius of curvature 


DE-tnt }BAC van (14) 


If the cant of the rails at D is aday to this radius, the cant at 
point roay be determined with sufficient accuracy for 

i Uy making i vary simply a8 the ordinate y. ‘The form of 
curve is , though not exactly, that of an elastic bow 
of uniform section, bent by means of a string connecting its ends. 
Pnovtrm Turep.—To connect « circular arc and @ straight line, or 
favo circular arct, which do not touch or cut each other, by means of an 
dastic curve (Mr. Fronde’s curve of adjustment). Fig. 276, p. 60% 
curved in reverse 


connected, 

Find the pair of points at which the arcs or lines to be connected 
are nearest to each other. This is best done by first finding two 
ae papper etree 

een pa are ey equal Tease 
apart ; ints equi 
will be em te ioe 
pairs of pointa. Let Eand F be the 
pair of points thos found; measure 4 pom 
the gap E F, then calculate the haly- ~ 


Bevirds orton area Sctots tae rel of tue ameasotarommessa ge 
EI1-FK=4/{cer + (!+))};....0) 


sign + or — being used in the denominator, according as the 
directions of curvutare are reverse or similar. If one of Hines 
to bo connected is straight, 1 + r’is to be made = 0; ao that the for- 


taula becomes 
BL = EK @ (6 EB Pivseesseessseed (16) 


htealbernt saa vp fulng Os nae phat Brandan ms 
G two points at w! 
fede bibereex tse Inte t> be be connected is 4B F) 
The curve of Pees ars be we sel by eee ee 
seen Ly. oe 
SOT Bierpenent ane py ee Aes Curver—In orler to omic 


= 








it 
ils 


poMoaomon t 
Ope pomupo F 
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ws are sometimes made of a width at the formation Jevel 
‘equal to that of the embankments on the same line; in other cases 
they have an additional width given to them, amounting sometimes to 
as much as 9 fect, in order that there may be the more space for the 
side drains On the whole, the most common breadths of base for 
both embankments and cuttings, on narrow gauge lines, are 


for single lines, 18 feet, 
for double lines, 30 feet. 


Arches over the railway are eeldom made of the minimum 
shown by the foregoing tables, except in the case of tannels. 
Bridges over narrow gauge lines are usually of the following spans 


over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet; 


and the same breadths are applicable to cuttings with retaining 
walls, and rock cuttings with vertical or nearly vertical sides. 

IL The Formation Level is from 1} to 3 feet, or thereabouts, 
below the intended level of the rails, according to the depth of the 

way (see Article 66, p. 112), and is marked by a line of 
some distinctive colour on the working section. 

ILL. Side Slope—The formation or base is sometimes made to 
fall from the centre towards the sides at the rate of about 1 in 60, 
to facilitate drainage. 

TY. Cross Drains —Where the nature of the soil makes erom 
drains necessary, they may be ates Sggag ean eee 

v 





railty. 

TIL The Least Dimensions of Under Bridges are virtually fixed 
rules above-mentioned. ‘The following are examples, in whi 
arches are treated aa segmental, that being the best form in 

the present case, ‘The rise is given as computed by Mr. Cotton in 
is work On Railay Engineering in Ireland. 

‘The power to make roadways of less than the prescribed widths 
bf 35 and 25 feet in certain cases is of no avail as regurda under 
bridges, or the abutments of over bridges, because of the liability to 
miarge the bridges at a future time. 


Depth of coating of puddin, 
Depth of permanent way, say 


Total belght, roadway to raids, 
‘To allow fur additional deptls in skew bridges, the 
abore heights may be increase £0... 


For trom ender Sridiges, the abor ts may be 
Wimisisbed to... heathens “} 


As to the least dimensions of over bridges, soe Article 290, 
> #26, for an example of the dimensions of the arch, 


‘The clear beadroces in the centre is usual 1600 feet. 

‘To this aSJ, for the thickness of a stone 200 

” ” ” puddle 
» ” o 100 


CC enamine 19°50 
‘For an Irn over Sti Hi. giles ths seer aly $e 


Gira eod edeny, ay no Be 














RAIS AND CHAIRS. 60T 


‘The figures for the cross-sections of rails vary with the 
modes in which are supported. A rail may be either 

'L.) Supported on the base and stayed at the sides, or 

Beate: etenttae areal ae 

3.) Hung by the shoulders; 
and the bearings may be either 

(A) at intervals (generally about 3 fect); or (B) continuous 

In figa 281, 282, 283, and 254, the cross-section of the rail is of 
the L double T- or “double-headed” figure, at pre- 
sent more generally used any other. When this fignro was 
first introduced, it was intended that on the top becoming too 





t21 


Fig. 284, 

















1083 OF WEAD—HVDRAULIO PRESSURE. 675 
‘of the channel and openings traversed by the stream, and other 
cireumstances. 


The combination of those t1 inciples be thus expressed : 
Let h denote the les of hend, in feet; then 


b=Q+h 2 ) 


in which F is a factor, determined by experiment, expressing the 
‘yeron which the lose of head By fidethon. Weare $5 thd hela 
jac to the velocity. 
‘The inverse formula, for finding the velocity from the loss of 
head, is as follows :— 


v= 8025 a/ ae Rae 


The velocity computed from a given height, on the supposition 
that there is no friction, by the formula v = 8025 «/i, is sometimes 
called the “theoretical velocity.” 

Tn an channel the loss of bead A consists wholly in dimi- 
Dhiition of the “heat of elevation,” and ja the actwal fall of the upper 
surface of the stream. In a close pipe it may consist wholly or 
partly of diminution of the Beek ey oat and is then called 
Virtual fall, To express this in symbols, 

Tet =, denote the elevation above a fixed datum, and 

head of pressure at a point in the reservoir from 

which a pipe is supplied, the velocity at that point 
being insensible, so that 

+p, is the total head in still water ; also let 

denote the elevation above the datum, and 

the head of pressure at a given point in the pipe, at which 
the loss of head, as eomputed by equation %, is hy then 
the total head at this point is, 


| and the preesure, in feet of water, is 
p=eyt+rj—s—k 


‘The of flowing water, as thus diminished loss of 
bead, ie pallsd, mrosatss raessuxe, to distinguish it rom the 
reseure of still water, called Aydrostatic pressure. 
fan open channel, equation 6 is simplified by the fact that for 
surface of the stream, and all surfaces parallel to it, A is 
"==, — =; » that p= p, if the two points are at equal 
below the surtace. 





FRICTION OF WATER. 


447, wrtction of Water.—The following are the values of 
factor of friction F in the formulm of Article 446, ag ascertained 
‘iment, for the cases of most common oceurrence in practice. 
Friction of an orifice in a thin plate— 
FB 0086. ciccpensnsense 
IL Friction of mouthpieces 


‘The same mouthpiece making the angle ¢ with a perpendicular to 
the side of the se ts era 


F = 0:505 + 0:30 sin ¢ -+ 0-226 sin* &...........(3.) 
For a mouthpiece of the form of the “contracted vein,” that is, 


‘one somewhat bell-shaped, and 80 i that if @ be its 
diameter on leaving the reservoir, then at a distance d - 2 from 


be the sectional 
larea of a channel, discharging Q cubic fect of water per second, in 
fwhieh a aluice, or slide ve, or some such object, produces a 
godden contraction to the smaller area a, followed by a sudden 
enlargement to the area A, Letvu=Q + A, be tho velocity 
in the second enlarged part of the channel. Tho effective area of 
orifice a will be oa, ¢ being 4 co-efficient of contraction of the 
flowing through it, whose value may be taken at “618 + 


1-185 Let tho ratio in which the effective area of the 
is nuddenly enlarged be denoted by 


= A/ (2018 = 1018S ; 


expended in fluid friction, and consequently that there is a loss 
lof head given by the formula— 


= Ws ies ee (5) 


| 


ee ee 
IV. Friction in pipes and conduitz.—Let A ve (he wehouh am 








LOSSES. OF HEAD—CONTRACTION OF STREAM. 679 


VIL ¥ sharp turns in Tet ¢ be the mado 
ty the pt ps Es then a 


F = 0446 sin? § gt 205 sint§. ate (ty 


VILL Summary of loses of head.—When several successive 
‘causes of resistance oocur in tho course of oue stevam, the losses of 
head arising from them are to be added 3 and this process 
may be extended to cases in which the “saries in different 
parts of the channel, in the following manner:— 

Let the final volocity at the cross section, where the loss of head 
is required, be denoted by v; 

Tet the ratios borne Se ee velocities in other 

a of the channel be known ; ry 2 the “velocity of approach” 
Uirticle Article 446, P 670) r,0 the velocity in the first division of the 
channel, +, ¢ in the second, and so on; and let Fy be the sum of 
all the factors of resistance for the first division, F for the second, 
and s0 on; thon the loss of head will bo— 


b= 0-n+F, +Fyrb +e); 
Qn expression which may be abbreviated into the following: | (L5) 


b= Sa y+ EP} 
448. Commaction of Strenm from Oridco—Co-<ticlents of 
eharze—The fact of the contraction of a jet or stream that 
from an orifice has already been referred to. It ia caused by 
eenvergenco of the particles towards the orifice before they 
throagh it, which convergence continues for a time after the 
ticles pass the orifice. The result is, that the effective area of 
Se ne Le” contracted tins? ee eel 
puting irge, is Jess than the total area in a 

which is called the co-efficient of contraction, 


wee Pp ese and table ar: 





COSTRACTION— VERTICAL OWFICES, 681 


preceding table include a correction for 

joned by measuring the head from the centre of the 

orifice instead of from the point where the mean velocity occurs, 
which is somewhat above the centre. That correction is in- 
ores ree rie te heed acces 9 tos he 
Sha: rectangular notches (or orifices extending up to 

the surface) in flat vertical weir boards.—The area of the orifice is 
measured up to the level of still water in the pond behind the weir. 


Let 6 = breadth of the notch ; 
B = total breadth of the weir; then 


OST Hg aensentemnssneend) 


Ed peal 

triangular or V-shaped notches in flat verticat 
eet Toca from experiments by Professor James Thomson.}—Area 
measured up to the level of still water. 


Breadth of notch = depth x 2; ¢ = 595; a) 
Breadth of notch = depth x 4; ¢ = -620, {~~ 
V. Partially-contracted sharp alged tis to say 
orifice towards part of the edge Sad ths comes cae re 


direet course, owing to the border of the channel of approach 
coinciding with the edge of the orifice). ae 


Let o be tho ordinary co-efficient ; 
n, the fraction of of tho edge of the orifice which coincides with 
the border of the channel ; 
¢, the modified co-efficient ; then 
PC OOM. cecceccescnssconsennsenee (5.) 


VI. Flat or round-topped weir, area measured up to the level of 
still water— 
= 5 neasly, (6) 


VIL Sluice in a rectangular channel— 


vertical; ¢ = 0-7 
Inclined backwards to the horizon at 60°; e= 074; $(7.) 
at 4; ¢= 08. 


When the height of an orifice in the vertical tide of a resecwde 








ry aa cet 
Leases Article 448, Division IIL, p, 651, B being 


4 ‘Tats or Vaturs oF c AND 5°35 4 

er to 09 08 of O86 OF OF OF O15 
ae 66 65 64 63 G2 bt bo 595 

535% 3598 353 348 342 3°37 3°32 326 g2r git! 


The cube of the square root of the head, h,5, i easily computed as 
follows, by the aid of an ordinary table of squares and cubes: look 
im the column of squares for the nearest square to A,; then op- 
posite, in the column of cubes, will be an approximate value 


of h, 
ut lar notch, swith current ing é—When 
Sil roster crvars bo fonds to mosegea dhetiosa ana 
denote tho velocity of the current at the point up to whieh the 
ity of approach : compute the height due to thut 


Ag= ti + 614; 


then the flow is the difference between that from a still pond 
due to the height 4, + ig, and that duc to the height hy; so that it 
is given by the formula 


Q = 585 6b {hy + hg)t— lh. coecsssessennd (5.) 


When x, cannot be directly measured, it can be computed ap- 
proximately by taking an approximate value of Q from equation 4, 
ta avin by the sectional area of the channel at the up to 
the is measured from tho aisle of the noteh. 

'. Triangular or V. notch, with a still pond; hy measured 
from the npex of the tri sages hapa candi 

Let a denote the ratio of the hal-breadth of the notch at any 
ven level to the height above the apex, so that, for eximple, at 
{ho level of still water, the whole breadth of the notch ix 2 a By 


is measured, or 
velocity as follows 


Q = 8025 0X Fahy! = 428 00 B85 on nn(B) 
and adopting the values of ¢ already given in Article 448, p. 681, 
we have, 
fora=1; Q=2545,8; 
fora=2; Q=53h$ .. 





DISCHARGE OF PIPES, 685 


Lof x pipe of the uniform diameter d is given by the following 
formula, deduced from equations $ and 10 of Article 447, by putting 
d + 4 for the bydranlic mean depth m:— 
vt 1 a od 
ir to Ind =3)) a oa 0) 

From this equation are deduced the solutions of the following 
problems :— 

L. To compute the discharge of a given pipe; the data being h, f, 
and d, all in feet, 

For a rough approximation, it is usual to assume an average 
value for4/; say, G78. This gives for the approximate velocity, 
in feet per second, 


0-02 ( + 


or a niean ‘onal between the diameter and the lose of head in 
2,500 feet of length; and for the discharge, in cabic feet per 
second, 
Q= restora soy / * dt, nearly. ......(24) 
‘When greater accuracy is required, make 
1 
4f=002 () + wae Toa)? 

and find the velosity in feet per second by the formula 


and the discharge, in cubic feet per second, by the formula 


Qa 7854 od? =03y/ bd wos othEal) 


a the diameter & of « pi that it shall 
pie itis Madelie ar conn, wink boas of Bend ot the ole 
of ht feet in each length of feet. 

Supposing the value of 4 f known, 


a=({Z8 heen 


asa) 








fare i 
ty, 
which might be done by mcans of a quadratic equation; but it is 
Test laborious to find it by successive approximations, For that 
Purpose assume an approcimate value for the co-efficient of friction, 
such as 


Sf = 007565; 


JS51Tim = 9226 Jim; (2) 


betwween the hydraulic mean depth and the 
first opproximation to the discharge is 


QedA...... 


007555 


approximations are in many cases sufficiently accarate, 

To obtain second approximations, compute a corrected value of / 

according to the expression in brackets in equation 1; should it 

agree nearly or exactly with /*, the first aseumed value, it is un- 
rther; should it not so agree, correct thi 








RLEVATION BY WEIR—BACKWATER. 639 


452. Blevation Produced by 2 Weir—When a weir or dam is 
erected across a river, the following formule serve to calculate 
the heigh! Se eran n) WEIGN the senter Jn, Ue pee Sle bee 
the weir, will stand above its crest; Q being the discharge in cubic 
feet per second, and 6 the breadth of the weir in feet:— 

L Weir not drowned, with a flat or slightly rounded crest— 


is (Es neatly. ssvesnrecoereeserfl) 


IL Weir drowned.—Let h, be the height of the water in front of 
the weir above its crest. 


First approvimation; Wy = hy + (FA) sss) 


Second approcimation ; K', = W, ~ hy (1-5 - xt): (3) 


Closer approximations may be obtained by repeating the last 
calculation. 

453. mackwater is the effect produced by the elevation of the 
| water-level in the pond close behind the weir, upon the surface of 
| the stream at places still farther up its channel. 
| Fora channel of uniform breadth and declivity, the following is 

an imate method of determining the figure which a given 
| elevation of the water close behind a weir will cause the surface of 
| Ghe stream farther up to assume, 

Ext é denote the rate of inclination of the bottom of the stream, 
| which is also tho rate of inclination of its surface before being 

altered by the weir. 

Let 3, be the natural depth of the stream, before the erection of 


the weir. 
Tat 3, be the depth as altered, close behind the weir. 
Let 3, be any other depth in the altered part of the stream. 
Tt is required to find x, the distance from the weir in a direction 
Pepa oe iioh the altered depth will be found. 
‘Denote the ratio in which the depth is altered at any point by 
Jehan; 
and let @ denote the following function of that ratio:— 
dr 1 Sr 
om faery ghee {1 + eT p} 
1 wk Qr+1 volt 
a paleo te 


ay 





THREGULAR STREAMS—TIME OF EMPTYING RESERVOIR, 691 


Tn this case the loss of head botween any two cross-sections is the 
sum of that expended in overcoming friction, and of that due to 
change af velocity, when the velocity increases, or the difference of 
those two quantities when the velocity diminishes, which difference 
may be positive or negutive, and may represent either a loss or a 
gain a a ee 
negutive, the surface slopes the reverse way. In fig. 289, let O Zbe 
the vertical plane of the cross- 
section at which the water- Z 


3 ar 

qneasured against the direction 
of flow, and vertical ordinates 
to the surface of the stream, 
euch as X B = =, upwards from 
@ horizontal datum plane. Con- 
sider uny indefinitely short 

ion of the stream whose 


depth m, and area of section A. The fall in that portion of the 
stream is ds, and the acceleration — dt, because of v being 
opposite toz, Then, 

edv fdz, & 

dz=—- m+ aT asceessazsaseaa(le) 

ing this differential equation to the solution of. i- 

hice tor is tolbe pot < A,anl fir Acad goraee nih 

ir values in terms of a and 2 Thus is obtained a dif- 

fal equation between = and z, and the constant quantity, Q, 

equution, being integrated, gives the relation between « and 
co-ordinates of the surface of the stream. 

‘Timo of Bmpiying = Reservoir is determined by con- 

be divided into thin horizontal layers ab different 


bore the outlet, finding the velocity of di for each 
and thence the time of discharge, and summing or i 


the area of any given layer, dA its depth, A the effective 

outlet, 4 the height of the layer above tho outlet; then 

of outflow for that layer is 0.7%, C being a multiplier 

oe ths oper formula 2) Articles 449, 490, e451, "fan 
time of discharge of the layer is 


oteraseey. | | 


Rnd iff, be the height of tho top water, the whole time ts, 
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‘WATER-PIPES. 721 
‘and thi joi je half-thimble above, Curved and 
im joi ct pee aes ar 


I Cast Iron Pipes should be made of a soft and tough 
cast iron. (Seo Article 353, p. 499.) Great attention 
to moulding them correctly, so that the thickness be exactly 
uniform all round. Each pipe should be tested for air-bubbles and 
flaws by ringing it with a pre and for strength by exposing it 
to double the intended greatest working pressure, 

Cast iron water-pipes are made of various diameters or bores, 
from 2 inches to 4 tect, 

They are usually monlded and cast horizontally, the sand core 
Veing supported by a strong horizontal bar with projecting teeth; 
Wut advantages in point of accurncy and soundness are by 
the process of casting them vertically, the faucet being turned 
downwards, and the plain end upwards* The pipe is cast with an 
se length at the upper end, which nets as 0 head (Article 

503), compressing the mass below, and receiving the mir 
iat 5 Unis Acad is afterwards cut off 

The rule for computing the thickness of a pipe to resist a given 
working pressure (the factor of safety being six) has already been 
given in Article 150, equation 2, p. 223, the pressure and the 
Konacity of tho iron being exprested in Ibs. equare inch; but as 
Gt is more convenient to express those quantities in sect of water, the 
following rule is given :>— 





thickness _ greatest working pressure in fect of water 
diameter = 13,000 ) 


eet are limitations, however, arising from difficulties in enst- 
dng, and from the fact that the most severe strain on a pipe is often 
at hy shocks from without, which cause the thickness of cast 
to be often made considerably greater than that given 

piteee above rae. ‘The following empirical rule expresses very 
acca the limit fo the thinness of cast iron pipes, in ordinary 


The thickness of a cast iron pipe is never to be less than a mean 


glace between its # diameter and one-forty-cighth of an 


Itis seklom, indeed, that a less thickness than 3-8ths of an 
inl eave for any pipe, how small soever. 
pipes are made of various lengths; bat the most 
eeecerieelt' a. § tan, cocaine of the aaa fancet or socket on 


© Introdeced by aK D, Y. Stewart 
a 








WATER-PIPES—PIPE-AQUEDUCTS: 


which is from time to time discharged through 
either be opened by hand occasionally, or it may be loaded 
th a weight equivalent to the hydraulic pressure, and made self- 


VE. At tho lowest points in an undulating line af water-pipe 
sediment collects, and is to be discharged from time to time through 
‘a cleansing or scoring cock or valve. 

VIL As to slide-calves, dowble-beat-valves, and other yalves and 
cocks used in connection with water-pipes, see A Manual of Prime 
eee Article 116, p. 120, and Articles 119 to 123, pp. 123 to 


VAIL, Sheet Iron Water-Pipes lined with pitch have lately been 
used in France. 

473. Pipe-Track—Pipe-Aquedacts—Cuare should be taken to bod 
‘water-pipes on a firm foundation, and to cover them to a sufficient 
eee rarer We nation. of feet that is, in Britain, about 2 or 


‘When a water-pipe crosses a valley, or a river-channel, or a line 
of communication, it may sometimes be advisable to carry it above 
by means of an aqueduct. This may be a bridge of 


Eiivetien’ conctractice, oc it may consist simply of the pipe i 
Tying on a series of piers, and cased outside with wood, or 
Hon-conducting material, for protection against heat and cold. For a 
Pipeaqueduct of wide span, the pipe itself may be made to form a 
catenarian arch.* 


Sem eeer terest af tho springing of tiv arnt under an uniform 
msi 


Toail is to be compated in way, being, 
Toad per foot of span X radius of curvatare at crown in feet X 
seeant of inclination at springing ; 
from which has to be deducted tho thrust borne by the water, viz, 
pressure of water X sectional area of pipe; 

and the remainder only of the thrust has to be borne by the iron of 
the pi Th fact, the arch of water bears a of the load, 

6 arched pi a rvadway, the whole of the 

s i fall on them ; 








‘DRAINAGE, ma 


meted through instability of their beds, and how such 
is to be prevented. 

'. Tn the cuse of a smaller stream having too little ivity, 
oh falls into s larger stream, whether that declivity can 
based by diverting the course of the smaller stream so as to 
bve its outfall to a lower part of the larger stream. 
|, Whether the course of a stream, being too circuitous, can be 

by a diversion; and whether, in the event of improve- 
te being required in the channel ‘of a stream, it i¢ best to 
jute them in the existing channel, or to make a new channel, 
ieee the question of circuitousness, 

the preceding questions relate to matters which have already 
| treated of in Sections III. and IV. of this chapter, but the 
wing involve subjects which will be treated of in the ensuing 


T Whether tho branch drains are of wuflicient discharging 


city, 
TL. To what extent the water-channels are capable of acting 
porary reservoirs for moderating the rapidity with which 
waters descend from them into lower and channels 
TIL To what extent the lands adjoining a river which aro 
to inundation act in the capacity of a reservoir, and what 
be the effect upon the part of the river below them of prevent- 
Peis conser 
er can be suffici im im: 
‘ements on the eatin bails alone, orunhen on the other 
|, it is advisable to use embankments for the confinement of 
|g within certain Imits. 
$1. Discharging Capacity of Branch Draimx—If the rain-fall 
its way at once from the surface of the ground to the drains, 
lof these would require to have dimensions and declivity suifi- 
bto discharge the most rapid fall of rain known to take place 
y time how short soever. The following data as to the most 
Tisin-fall in Britain are given on the authority of Mr. Phillips; 
illustrate how the greatest rate of rain-fall diminishes accord= 
ts the period for which it is reckoned is increased :— 


Total depth of Rate of 
Rasin-fall, Rainfall. 
Tochts per Hows. 

10 





be soil, however, acts as a sort of reservoir to an extent 
bw ite texture; it keeps from the drsine altogether a of 
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|e Blog atlases! to that of the longest 
vessel used on the canal, inch pene 
gel its clear breadth, one foot more than 
breadth of a vessel; its 
of water should be = 1 foot + 
att daa draught of a vesel -+ litt of the 
Its depth from the cops of the side 
walls to the bottom may be about 2 feet 


more. 

‘The side walls and floor are recessed to Fig. 292. 
ailmit of the o; ig of the “tail-gates.” 

‘The floor is level with the bottom of the lower of the two ponds 
to be connected. 

B is the head-bay, with its side walls and floor, which are 
recessed to admit of the opening of the “ head-gates.” The side- 
wea ‘The floor is level with the bottom of 








LOCKS—INCLINED PLANES ON CANALS. 749 


ane ight, ‘each of those sees ed: 
supporting its wei; rons a 
Sears Seopr el oth or ef the techie His mole 
coustruction is almost always adopted in gates 
Barts inine cel cilia oem cestbipaeet) 

The following are some of the ordinary dimensions and propor- 
tions of locks, in addition to those already stated :— 

‘The mitre-sills rise from 6 to 9 inches above the floor: 

Versed-sine of mitre-sill, from } to } of breadth of look: 

Clearance in depth of the recesses tor the gates, 1 of thickness 
ad Mapped length, + of longth of gate: 

thickness of the side walls at the top, about 4 feet. 

Greatest thickness at the base, fixed according to the principles 
of the stability of walls, usually from 4 to } of the height: 

Length of side walls of head-bay above gato-chamber, about § of 
breadth of lock : 

counterforts opposite hollow quoins to have stability 

enough to withstand the calculated franseerse thrust of the 

Tho longitudinal thrust of the head-gates ii 
walls of the lock-chamber; that of the tail-gates by 
of the tail-bay. To give the latter walls sufliciont stability, tho 
rule is to make their length as follows >— 


Breadth of lock x greatest depth of water + 15 ficct, 


Versed-sine of lift-wall, from 1-12th to 1-7th of breadth of lock. 

Floor of head-bay: least thickness, from 10 inches to 14 inches, 

Floor of lock-chamber: versed-sine, about 1-15th of breadth; 
thickness, from 1-15th to 1-3rd of breadth, according to the nature 
of the foundation. 

Foundations of various kinds have been sufficiently explained. 
It has only to be added that, when a lock is founded on a timber 
ae longitudinal picces of timber extending along the whole 

wgth of the foundation are to be avoided, lest they guide streams 
of water along their sides; that transverse trenches under the 
foundation, filled with cing concrete, i. a of 

wenting lenkuge; and that, in ut soil space 
Pohind te liftwall and under the foe of.the head-bay niay be 
filled with a mass of concrete. 

Length of apron from 15 to 30 feet. 

The dimensions of the different parts of the gates are to be 
computed according to the principle of the strength of materials. 
Tt appears that the factor of safety in many actual o- is as 
Jow as 3or4. This can only be sufficient by reason of the perfect 
steadiness of the load. 

G07. Inclined Pinucs on Cumate—To sve the time and water 








WATER SUPPLY POR CANALS. ToL 


Trieepene gon the case of a canal, may be estimated 
a8 follows :— 

“a fre hae of the Channel, repairs, and 
epee, per day = surface of the canal x } of & 

foot, nearly. 

i, hares: froca\ thn. Lisle: Somacis tile Uowectmasslaet peas 
ace hy eakngy a the lok gates, por day, from 10000 0 30,000 
cubic feet, in ordinary cases. 

OL “Zeca oF etre of water in passing hoats from one 
evel to ani 

Tet Toone alockful of water; that is, the volume contained 
in the lock-chamber, between the upper and lower water-levels. 

B, Seger age ag = 

Then juantities of water discharged from 
at a lock or a flight of locks, under various phone edn 
shown in the following tables The sign — prefixed to a quantity 
Besar iacioten Dat it te dogloned Sromi Gee bestows 


(a+ 2n—2L fall. 


ee eaten aeletions 32 spree sees Se ee 
tgs nts locks are more lef sige bts tog 
5 that at a single lock single boats 
alternately cause less expenditure of water 
ee waain oes ST Ln rauomanere 








CHAPTER Iv. 
OF TIDAL AXD COAST WORKS 


Section L—Of Wawes and Tides. 


512. Motion of Ordinary Waves —Tho following description of 
wave-motion in water is founded chiefly on the theorvtical investi- 
eon of Mr. Airy and others, and the observations of the Mesara. 

Veber and of Mr, Scott Russell, with a few additions founded on 
paling wares} gated horizontally the 

waves in water are motion 
EE tack yurlacle takes. place uu vertical. place, peeallal  CouMa 
direction of propagation; 
the path croris described 
by each particle is approxi- 
mately elliptic (see fig. 
299), and in water of uni- 
ith the longer axis 
of trthe liptic orbit is hori- 
zontal, and the shorter 
‘vertical; the centre of that 
orbit lies a little above the Fig. 253. 
position that the particle 
occupies when the water is undisturbed; when at the top of its 
orbit, the particle moves forwards ax regards the direction of pro- 
pagation; when at the bottom, backwards, as shown by the 
curved arrows in fig. 293, in which the straight feathered army 
ed the direction of p ‘ion. 
The particles at the of the water describe the 
3 the extent of the motion, both horizontally and 
imines ax the depth below the surfice increases 5 3 bat thst of 
pidly than that of the horizontal motion, ao 
Stina ees 


eee eats hoot ca cranet ith Goa eae 
distance between two successive ridges on the su: 
the orbits of the particles are nearly circular, site eaten 


great depths is insensitile, : 
c 











TIDES. 78 
the bottom. The orbit of each particle is a very long and flat 
ell 


on Se neat ee ge te roan iene nineiars 

lope at one sii depth being elsewhere 
Seaitrm, the partion wear that beach secre I aligent siaatgtle 
planes inclined so as to be nearly parallel to the , as Fepre- 
sented in plan in figs, 26 and 297. In each of these Sgurea the 


ALAie HL De 


ern Bad, 
o( <—ae Ja of =>} 
i ae a 
Fig. 296. Fy. 207, 
beach is supposed to be towards the top of the page; in 
it lies to the right band of the direction of advance of tho ti 
(represented by the feathered arrow); in fig. 207, 


to the 
that direction. The following are the motions of a purticle at dif- 
ferent times of the tide:— 


rnonnvone 


G15. The Tide Sbort Snlet, or in any bay, gulf, or estuary of 
such dimensions and figure that high and low-water occur in all 
yarts of it sensibly ut the sume instant, is somewhat analogous to a 
wave rising and falling against a stecp wall (6g. 295, p. 755), or 
to the emptying and filling of a reservoir. Each lo of water 
mores alternately outwards and inwards during the fall and rise of 
the tide respectively; and the current is swifter and stronger 

depth of water is greater, that is, during the second half 
of flood anal tho first half of et. 

ing that the entrances to such an inlot runs at right angles 
to the line of coust deseribed in the pr ing article, the combina- 
tion of the tidal currents of the inlet with 




















BREAKWATERS—RECLAIMING LAND—HARBOURS, 703 
Fig, 299, a section of the Plymouth breakwater, illustrates the 


SS 
Fig. 298. 


alternate slopes and berms. AB is 5 to 1, BC level, 
DLDELMEF IDL 


Fig. 209, 


(As to breakwaters, and sea defences lly, many be consulted 
te works of Smeaton and ‘Telford, Sir John Rennie's works On the 
th Breakwater and On Harbours, the Proceedings of tha 
Taitution of Civil Engineers since the commencement, Mr, 
oes Treative on Marine Mie tt (See alsopp.766, xvi) 
2, Reciciming Land —The f reclaiming or gaining 
ibe seatae with great caution, 
in riverchannels and estuaries, Iest it should diminish the tidal 
goons, and v0 cause the silting up of channels and harbours; and, 
in particalar, care should be “taken that the space for tidal water 
which is to be lost through the reclaiming of the land, is exnethy 
made up for by decpening or otherwise improving other parts of 
the estuary or channel. In every instance in which ed 
© nag ni ec as eae Ried r y a e in some cases the 
of the harbour followed. (See Reports of the Tidal Har- 


‘The first opcration in reclaiming land is usually to raise its level 
as much as possible by warping, or deposition ‘of sediment from 
the tidal water; with a view to which ia aut 3p Es eee 
intersected by a network of transverse wattled groins, and of longi- 
tudinal dykes of the sine construction. 

The been raised ss far a3 practicable 
een ma 2 sea-dykes, and drained in the ahs Prete 
in Article 484, p. 737. 


Seorios WL—O/f Tidal Channels and Harbours. 


ayo the sgn ft ching vue ae 
tminly on the strengthening of the current, 1 stated 
‘Article SIT, p 760. Mab tink cae tae tee 














APPENDIX. 


L 
Tats or tae Resistance or Marentars to STRETCHING AND 
ae i a i te 


Maren 


Sromm, Naruran axp Agrirroran: 
Brick, } 


9,400 
9,600 

to 12,800 to 16,000,000 
5° 


18,000 9,279,090 
49,009 4;230,000 
36,000 9,990,000 
19,000 
32,000 
36,000 
60,000 


to 29,000 te 22,900,000 
nso Avorage, .. . 36,500 17,900,000 
Tron, wrought, plates, .. $1,000 
joints, double rivetted, 35,700 
single rivetted, 





APPENDIX. 769 


IL 
Tams or tne Resistaxce oy Marearats to Saranrsa axp 
Distorrioy, in pownds avoirdupois 


JER: 

Fir: Red Pine, 
n  Sprace, 
* 


Oak, .... 
Ash and Elm, 


bab 
Tacur or tur Resistance or Marentars to Cacamixo BY 4 
Duwect Tuntst, in pounds avoircupois per esuare inch. 


Moremaa 


- $50 800 





APPENDIX. 7m 


sontece 
Merars: 

Les cast, open-work beams, average, 

solid dreareclestiescearr ates, 33,000 to es 

wrought, pee eee 42,000 

Steel, average,... 80,000 


wut, 
Cowrie (Dammara australis), 
Etony, West Indian, 








APPENDIX. 


vi. 
Tanue or Sreciric Geavrrtes or MATERIALS. 


‘Weight of « cctio 
Gases, at 32° Fahr., and under the pressure of one », Jus 


atmosphere, of 2116-3 Ib, on the square foot . 
i - 9080728 
O't2344 
005592 
onenres 
07078596 
o'ogo2z 
or2093 
2137 
90795 


Liguips at 32° Fahr. (except Water, 
which is taken at 39°1 abr. 


548 


1873 
125 to 135 
112 
117 to 174 
120 
ToD 

774 t0 By 
62°43 to core 
162°3 
1642 





“srighhanle 
» American Red, 


a 
! 


if 


* The Timber fn every cane ia sapposed to be arp. 








Avormests, 596, 427. 
Aluminium Bronee, 587. 
ie Meee d Sextazt}, 


oe ee 128, 


Arches, abutments of, 427. 
‘eatenarian, 195, 200, 418, 
centres of, $15, 485. 
incular, 203, 422. 
depth of keystones off 425. 
elliptic, 204, 420. 

209, 420, 


208, 419. 
$65. 


fron 
Noear, 202, 215. 


stability of stomn and beick, 416, 421, 
strength of, 296, 452, 481, 638, 565. 
strength of steno nod brick, 432. 
timber, 481. 

Archways, waterground, 433. 

Arvaa, to mrasure, 35. 

Asphalt, 376. 

Aspheltic pavements, 650. 


Backwaren from a weir, 689. 

Badsare of fore, 183. 

Ballast, railway, 66: 

Bar ef a harbour, cies of, 753, 
764. 


Barents ets by, 91,723, 
336. 

















nT 
Paddle (see Clay paildle). 
Quanzrec (se Bock). 
358. 


Rams, 665. 

Haitways, 632 (see sleo Fails). 
action of brakes on, 644. 
ballast for, 663. 
best positions for stations on, 672. 
eroming other lines of evsrreyanes, 858. 
carves on, 648, 
gradients with waxiliary power on, 645. 
junctions and connections of, 669. 
Lpieg out and forsution of 636, 784 
Power exerted by locomotives on, 645, 


‘stops anil brick us i Retaining wall) 
Geib, 710. 





ioc ai of 710. 
szaiy of 


tidal Sa of, 755, 703, 
welzs, 71 


Rivers, ivan @annelé of, TLL 
Toads, 625. 

asphaltic pavement, 630, 

broken 626. 


stom, 

cromed by railways, 058, 

laying ont and formation, 624. 

plank, 631, 

Fesistaoce of vehicles on, 23. 

ruling gradients of, 623, 

stone pavement, 625, 
Rock-cotling, 317, S44. 

pre 


Ulasting, 

blasting under water, 616, 
boring, S44, 595, 
foundations, 377. 
heaviness of 343. 


quarrying, $44. 
ling in (see Tunnel). 
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